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EVALUATION 


Project  No: 
Contract  No: 
Effort  Title: 
Contractor: 


5519 

F30602-74-C-0091 

Laser  Reliability  Prediction 

Martin  Marietta  Aerospace,  Orlando,  Florida 


This  contractual  program  was  the  first  major  effort  within  the 
DoD  to  address  the  area  of  laser  reliability  using  the  standard 
reliability  engineering  methods  of  collecting  failure  and  lifetime 
data,  analyzing  the  data,  and  formulating  quantitative  reliability 
prediction  models  based  on  the  data.  In  this  way,  models  have  been 
constructed  for  the  six  laser  types  which  comprise  over  90  percent 
of  the  total  number  of  lasers  presently  In  use.  This  kind  of 
quantitative  answer  to  the  question  of  laser  reliability  has  a great 
and  ever  Increasing  significance  to  the  DoD  in  view  of  the  multiplying 
numbers  of  lasers  and  laser  applications  and  the  need  to  conserve 
resources  through  greater  system  reliability. 

The  Impetus  for  this  effort  was  the  need  to  revise  and  expand 
sections  of  MH-HDBK-217B,  "Reliability  Prediction  of  Electronic 
Equipment",  a DoD  Military  Standardization  Handbook  prepared  by  RADC 
which  will  now  Include  the  laser  reliability  models  developed  here. 
This  area  of  emphasis  Is  covered  In  the  RADC  Technology  Planning 
Objective  Number  13,  "Reliability". 

PAUL  H.  WENDZIKOWSKI 
Capt  USAF 
Project  Engineer 


1.0  INTRODUCTION 


Although  the  commercial,  medical,  military,  and  aerospace  use  of 
lasers  has  Increased  tremendously  in  the  last  decade,  no  standard  reference 
for  laser  reliability  prediction  methods,  models,  and  failure  data  has  been 
assembled  to  date.  Mindful  of  the  importance  of  lasers  to  the  DoD  opera- 
tional inventc ry  and  desiring  to  obtain  comprehensive  and  current  quantifi- 
cations of  laser  reliability,  Rome  Air  Development  Center  (RADC)  awarded  a 
contract  to  Martin  Marietta  in  December  1973: 

"LASER  RELIABILITY  PREDICTION" 

Contract  Number  F30602-74-C-0091 

The  purpose  of  the  contract  was  to  formulate  models  for  predicting 
the  failure  rates  of  coherent  light  emitting  devices  such  as  lasers  and 
laser  diodes.  Such  models  have  been  constructed,  exercised,  and  validated. 
They  will  facilitate  reliability  assessment  based  on  device  type,  complexity, 
application,  stresses,  operational  environment,  or  other  significant  influ- 
ence factors.  This  report  details  the  results  of  the  contractual  effort  by 
providing  a complete  listing  of  the  data  collected  by  laser  item  type, 
discusses  the  methodology  for  data  analysis  and  modeling,  and  gives  the 
assumptions  and  procedures  followed  for  constructing  laser  reliability  pre- 
diction models  and  failure  rate  data  suitable  for  future  incorporation  into 
Section  2.4  of  MIL-HDBK-217B. 
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2.0  SUMMARY 


This  report  comprises  the  results  of  a 15-month  program  conducted 
by  Martin  Marietta  Corporation.  The  purpose  of  the  program  was  to  locate 
collect,  and  analyze  laser  reliability  data,  to  construct  laser  reliability 
prediction  models,  and  to  prepare  revision  sheets  suitable  for  inclusion 
as  Section  2.4,  Lasers,  of  MIL-HDBK-217B.  The  actual  revision  sheets  to 
Section  2.4  have  been  provided  as  Section  6.0  of  this  report. 

The  information  used  to  prepare  the  future  revision  for  Section  2.4 
was  obtained  as  a result  of  an  extensive  data  collection  program.  This 
program  extended  to  laser  manufacturers,  aerospace  contractors,  government 
facilities,  research  organizations,  and  educational  institutions  through- 
out the  United  States  and  Canada.  The  collected  laser  data  were  grouped, 
analyzed,  and  statistically  tested  for  homogeneity  before  being  combined. 

In  addition,  two-sided  limits  of  the  90  percent  confidence  interval  were 
calculated  for  all  laser  component  data  under  evaluation  and  for  which 
greater  than  zero  failures  were  observed.  This  report  contains  a complete 
component  type  listing  of  the  data  used  to  generate  the  operating  failure 
rates  for  Section  2.4. 

More  than  10  million  item-hours  and  4 billion  item-pulses  of  operating 
data  have  been  collected  from  a sample  of  1321  lasers,  2206  laser  diodes,  and 
1750  laser  subassemblies.  The  data  cover  over  50  major  laser  items,  components, 
subassemblies,  and  assemblies.  A new  determination  of  laser  life  characteristics 
has  been  made  with  analysis  concentrated  on  the  yttrium-aluminum-garnet,  argon 
ion,  helium/neon,  helium/cadmium,  carbon  dioxide,  and  ruby  types  which  comprise 
greater  than  90  percent  of  the  total  number  of  lasers  presently  in  use. 
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3 . 0  DATA  COLLECTION 


3.1  Literature  Review 

Data  have  been  collected  by  Martin  Marietta  from  more  than  200  con- 
tractors, institutions,  and  government  agencies.  A comorehensive  literature 
review  of  approximately  300  documents  was  also  made  to  obtain  laser 
information  and  data  pertinent  to  this  study.  The  majority  of  these  doc- 
uments were  obtained  from  Defense  Documentation  Center  (DDC) , RADC,  NASA, 
and  other  government  installations  or  agencies.  Documents  were  also  ob- 
tained from  several  private  contractors,  vendors,  research  institutions, 
educational  institutions,  and  other  nongovernment  sources. 

The  primary  source  was  DDC  from  which  classified  bibliographies, 
microfiche,  microfilm,  and  technical  reports  were  obtained.  These  materials 
were  reviewed  for  data,  and  appropriate  documents  were  requested  for  addi- 
tional review.  All  pertinent  documents  obtained  from  DDC,  as  well  as  those 
obtained  from  other  sources,  are  listed  in  the  bibliography  of  this  report. 

3.2  Data  Source  Contacts 

Approximately  400  potential  data  sources  were  initially  contacted 
by  letter  questionnaires  in  which  personnel  were  requested  to  describe  any 
laser  component  life  test  or  laser  system  field  data  that  they  may  have 
accumulated  in  the  past  5 years. 

The  responses  were  reviewed  and  a determination  made  of  all  those 
sources  which  appeared  to  have  pertinent  data.  Each  of  these  sources  was 
then  contacted  by  telephone.  Useful  data  were  subsequently  obtained  by  a 
telephone  request  or  by  personal  visits. 

A summary  of  the  200  sources  contributing  to  this  study  program 
is  shown  in  Appendix  A. 


3 


4.0  LASER  FAILURE  MODE  MECHANISM  DATA 
AND  RELIABILITY  DESIGN  NOTES 

Laser  failure  mode  and  mechanism  data  together  with  some  design 
note  information  were  obtained  from  telephone  conversations  and  visits 
to  major  component  and  system  manufacturers  as  well  as  from  a broad  cros.?- 
section  of  users.  The  objective  of  this  comprehensive  industry  survey 
was  to  identify  problem  areas  and,  wherever  possible,  suggest  methods  to 
improve  reliability  of  future  laser  systems.  The  collected  failure  mode 
and  mechanism  data  for  the  various  laser  categories  are  presented  in  the 
following  sections.  Table  4.0-1  presents  a summary  of  the  kind  of  infor- 
mation which  was  collected. 

4.1  Argon  Ion  Lasers 

Argon  ion  lasers  have  not  been  used  extensively  by  the  military 
services;  they  have,  however,  a number  of  commercial  and  research  applica- 
tions. Among  the  most  important  of  these  are  detached  retina  photocoagu- 
lators, dye  pumping,  spectroscopy,  holography,  optical  memories,  and  medical 
research.  Typical  power  output  for  these  lasers  range  from  200  mW  to 
greater  than  10  watts. 

The  major  failure  modes  with  argon  ion  and  other  gas  lasers  are  enve- 
lope integrity  problems,  outgasslng,  and  diffusion.  A primary  source  of  out- 
gassing  can  be  avoided  by  using  inorganic  materials  and  optically  flat  seals 
for  Brewster  windows  instead  of  epoxy  seals.  Continuously  active  flash-type 
barium  getters  can  be  employed  to  eliminate  unwanted  gasses.  It  is  often 
advisable  to  flash  the  getter  after  an  extended  period  of  storage.  Brewster 
windows  and  outside  mirrors  prevent  mirror  coating  damage  from  hard  ultra- 
violet radiation,  but  solarization  can  also  occur  with  quartz  windows. 

Either  beryllium  oxide  (BeO)  or  graphite  have  been  used  for  the  bore  of 
the  plasma  tube.  There  were  a number  of  failures  attributed  to  the  use  of 
BeO  in  early  lasers,  but  the  reliability  of  this  material  is  now  believed  to 
be  equal  to  that  of  graphite. 

Many  argon  ion  lasers  are  water  cooled.  There  has  been  experimentation 
using  oil  and  fluorocarbon  coolants  when  high  resistivity  or  low-temperature 
operation  is  desired.  There  have  been  reports  of  tube  failures  attributed 
to  the  use  of  hard  tap  water  in  water-cooled  machines.  A pulsed,  air-cooled 
model  is  also  available. 

Argon  ion  lasers  sometimes  use  gas  refill  systems,  but  this  may  not  be 
necessary  providing  the  gas  cleanup  rate  is  very  low.  Gas  cleanup  is  the 
term  used  to  describe  the  sputter  entrapment  of  helium  or  of  argon  ions  on  the 
tube  wall.  This  changes  the  gas  pressure  and  can  cause  malfunctions. 
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SUMMARY  OF  TYPICAL  LASER  RELIABILITY  CHARACTERISTICS 
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Capillary  Cube  bore  erosion  Is  a phenomenon  causing  discharge  Insta- 
bility and  results  In  an  end-of-life  which  has  been  reported  to  occur  from 
1350  to  6000  hours  (see  Table  6.3-1).  End-of-life  Is  a function  of  output 
power.  High  discharge  currents  result  in  short  lifetimes.  Manufacturers 
have  been  found  to  provide  warranties  for  argon  ion  lasers  which  range  from 
1000  hours  to  1 year  of  unlimited  use;  normally,  very  few  users  operate 
these  lasers  more  than  1500  hours  per  year. 

Infant  mortality  failures  associated  with  minute  leakage  have  been 
reported.  This  phenomenon  results  in  hard  starts  (2  or  3 minutes  delay 
before  lasing).  To  overcome  this,  some  manufacturers  have  employed  a 
100  hour  burn-in  to  screen  out  this  type  of  defect.  The  power  output  of 
argon  ion  lasers  tends  to  slowly  degrade  throughout  its  life.  This  problem 
has  been  attributed  to  solarization  of  the  windows,  contamination  on  the 
windows,  or  disassociated  bore  material  in  the  capillary  tube.  Improving 
the  purity  of  the  window  material  may  overcome  the  solarization  failure 
mechanism.  The  use  of  a hermetic  seal  between  the  tube  and  the  mirrors 
eliminates  dust  and  moisture  contamination  which  has  been  another  major 
cause  of  unreliability. 

4.2  FLOWING  C02  LASERS 

Flowing  C02  lasers  typically  use  a vacuum  pump  connected  to  one  end 
of  a glass  tube.  The  tube  is  evacuated,  and  mixed  gasses  such  as  He,  N2, 
and  CO2  are  introduced  at  a low  bleed  rate  at  the  opposite  end  of  the  tube 
from  the  vacuum  pump.  CO  is  sometimes  substituted  for  N2,  and  Xenon  has 
also  been  tried.  Metal  anodes  and  cathodes  are  normally  made  of  nickel 
although  zirconium,  platinum,  tungsten,  and  silver  have  also  been  used. 

A water  Jacket  may  be  added  for  cooling  with  a totally  reflective  (TR)  and 
partially  reflective  (PR)  mirror  attached  to  each  end  of  the  tube.  Brewster 
windows  may  be  included  at  the  tube  ends  to  isolate  the  mirrors  from  the 
discharge. 

Many  investigators  believe,  that  low  power  (<50W),  flowing  CO2  lasers 
have  an  infinite  life,  presiding  that  mirror  cleanliness  has  been  properly 
maintained  whenever  exposed  to  an  environment  containing  contaminants  or 
particulates.  The  principle  reason  for  this  infinite  life  appears  to  be 
that  the  flowing  gas  acts  as  a purging  medium  by  removing  the  contamination 
introduced  by  electrode  sputter. 

Typical  wattage  of  flowing  CO2  machines  is  from  1 watt  up  to  sev- 
eral kilowatts.  Window  replacement  is  often  required  on  the  high  power 
lasers.  Their  applications  include  hole  drilling,  heat  treating,  cutting, 
and  welding  of  metal  parts. 
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4.3  Sealed  CO2  Lasers 

Sealed  CO2  lasers  are  similar  In  construction  to  the  low  power,  flow- 
ing CO2  lasers  except  that  the  tube  has  been  sealed.  It  Is  normal  for  these 
lasers  to  be  warrantled  for  1 year  of  unlimited  use,  and  power  ratings  are 
in  the  1 to  20  watt  range.  Some  of  the  lasers  contain  a high  vacuum  valve 
so  the  tube  can  be  refilled. 

CO2  lasers  are  considered  to  have  a marginal  reliability  for  fire 
control  applications  because  they  lack  stability  at  temperature  extremes. 
Vibration  may  also  be  a problem.  Hard  starting  has  been  reported  at  low 
temperature,  and  in  one  instance,  a Tesla  coll  had  to  be  utilized  to 
ionize  the  gas.  In  the  last  5 years,  mirror  coating  vendors  and  window 
crystal  suppliers  have  improved  the  quality  of  their  product  so  much  that 
failures  of  these  components  are  now  rarely  observed.  So  many  variables 
influence  sealed  C0o  lasers'  end-of-life  (average  “ 3000  hr),  that  it  is 
very  difficult  to  pinpoint  the  exact  mechanism  of  failure.  Tube  leaks, 

CO2  disassociation,  electrode  deterioration,  and  helium  diffusion  are  most 
often  advanced  as  the  primary  reasons.  Some  researchers  recommend  the  use 
of  a metallic  alloy  to  seal  Brewster  windows  to  the  tube  as  opposed  to 
epoxy  or  optically  flat  glass  seals.  Manufacturing  burn-in  is  necessary 
to  screen  out  bad  seals.  In  later  life,  the  tubes  tend  to  devitrify  around 
and  near  the  electrodes.  Dirt  or  improper  cleaning  can  result  in  surface 
damage  to  mirrors. 

Applications  for  sealed  CO2  lasers  include  vocal  cord  surgery,  hole 
drilling,  ceramic  scribing,  spectroscopy,  atmospheric  measurements,  communi- 
cations experiments,  and  air  pollution  monitoring. 

Figure  4.3-1  is  a sketch  of  a typical  sealed  CO2  gas  laser.  and 
E2  are  the  two  electrodes.  The  glass  or  quartz  tube  is  terminated  by  exit 
windows,  and  V^,  which  have  been  oriented  at  Brewster's  angle  to  eliminate 
reflections  and  polarize  the  output  beam.  Lasing  action  is  provided  by  two 
external  mirrors  carefully  aligned  with  the  axis  of  the  tube.  R^  is  a 
totally  reflective  (TR)  mirror.  R2  is  a partially  reflective  (PR)  mirror  and 
provides  the  exit  port  for  the  laser  beam. 


High  Voltage 
Power  Supply 


Rl  and  R2  a.e  curved  mirrors  with 
coating  on  discharge  side. 

Ei  and  E2  are  electrodes. 

Wi  and  W2  are  flat  glass  windows 
oriented  at  Brewster's  angle. 


Figure  4.3-1.  Typical  Sealed  CO^  Laser  Schematic 
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4.4  Dye  Lasers 

Dye  lasers  fall  Into  two  general  categories.  There  are  those  chat 
are  flashlamp  pumped  and  those  that  contain  dye  cells  or  jets  pumped  by  an 
external  laser  (typically  argon  Ion).  There  are  a large  number  of  dyes 
which  have  been  found  to  lase,  but  the  most  efficient  dye  In  common  usage 
is  rhodamine  6G  (R6G).  Other  well  known  dyes  are  fluorescein,  coumarln, 
cresyl  violet,  and  nile  blue. 

Typical  solvents  for  the  dye  include  ethyl  alcohol,  dimethyl  sulfoxide 
(DMSO) , ethylene  glycol,  or  wate~ . Loss  of  dye  fluorescence  yield,  which  has 
been  termed  as  bleaching,  occurs  over  extended  usage.  It  is  the  only  life 
limiting  photochemical  stability  phenomenon  which  has  been  reported  in  the 
readily  available  literature.  The  output  of  one  R6G  dye  laser  was  observed 
to  have  degraded  about  20  percent  after  having  been  operated  at  a rate  of 
5 hours  each  week  ovei  a 6 month  calendar  period  or  an  approximate  lasing 
factor  of  130  hours  in  6 months. 

Dye  lasers  have  been  employed  primarily  in  research  applications  to 
date.  Additional  pertinent  data  cn  dye  lasers  can  be  found  in  References 
1,  2,  and  3. 

4.5  Flashlamps 

Solid-state  lasers  using  yttrium-aluminum-garnet  (YAG)  or  ruby  rods 
are  pumped  with  flashlamps.  The  two  most  common  types  are  filled  with  xenon  or 
krypton,  and  can  be  formed  in  either  the  linear  or  helical  configuration.  In 
addition  to  these  variables,  some  lamps  .ise  a graded  seal  between  the  elec- 
trodes and  the  quartz  tube.  The  graded  seal  contains  three  different  "grades" 
of  glass  to  minimize  stress  problems  caused  by  coefficients  of  expansion.  A 
second  concept  also  in  general  usage  is  a metal  end-cap  type  which  uses  a 
mechanical  solder  seal.  A third  design  utilizing  an  inner  seal  inside  the 
quartz  tube  rather  than  outside  h is  recently  been  undergoing  evaluation 
testing.  At  present,  there  appears  to  be  little  correlation  between  seal 
design  and  lamp  life. 

By  fax-  the  most  predominant  failure  mode  of  flashlamps  is  degradation 
sputter  resulting  from  a deposition  mechanism  which  is  a function  of  derating 
as  shown  in  Figure  4.5-1.  Degradation  can  also  be  caused  by  light  absorption 
in  color  centers  formed  by  impurities  (chiefly  aluminum  and  lithium)  in  the 
quartz  tube.  Failure  of  pulsed  flashlamps  is  defined  by  different  users  as 
anywhere  from  20  to  50  percent  degradation  from  the  initial  or  original 
output.  Many  investigators  believe  that  liquid  cooling  will  improve  lamp 
life  by  one  order  to  magnitude  as  opposed  to  gaseous  cooling.  Design  of  the 
pulse  forming  network  (PFN)  can  effect  lamp  life  because  if  current  overswings 
are  not  eliminated,  electrode  sputtering  occurs.  Prepulsing  or  simmering  each 
lamp  may  lower  peak  power,  but  will  increase  lamp  life.  Oscillatory  currents 
or  current  reversals  cause  the  anode  to  sputter  rapidly  because  it  temporarily 
ac*"s  as  a cathode  and  is  not  designed  for  that  purpose. 
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DERATING  FEACEXT 


i ie  io2  io3  io4  10s  ioh  10' 

LIFE  (NUMBER  FLASHES) 

NOTE.  Life  Defined  ••  “ SOX  Degradation 


Figure  4.5-1.  Typical  Effect  of  Derating  on  Xenon 

Linear  Flashlamp  Life 
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Most  military  lasers  that  have  been  designed  in  designators  or  range- 
finders employ  small  linear  xenon  lamps  derated  to  no  more  than  15  to  20  per- 
cent of  the  explosion  energy  (the  energy  required  to  cause  the  lamp  to  ex- 
plode). Plashlamp  life  in  this  application  can  then  typically  be  expected 
to  be  equal  to  or  greater  than  one  million  (10^)  flashec  or  "shots."  Fusion 
research  applications  require  higher  power  and  employ  larger  and  longer  lamps 
with  approximately  a 50  percent  derating.  For  this  application  the  linear 
helical  lamp  lift  will  be  in  the  10^  "shot"  range.  Again,  the  failure  mech- 
anism is  noncatastrophic  electrode  sputtering  and  the  mode  is  decreased  out- 
put. Helical  lamps  are  preferred  for  some  high  power  lasers  because  of  their 
longer  arc  length,  but  these  entail  special  manufacturing  considerations  since 
it  is  difficult  to  wind  a stress-free  helix.  In  addition,  high  quality  quartz 
must  be  utilized  and  is  not  readily  available.  Procurement  presents  a problem. 
Impure  quartz  entraps  energy  and  results  in  a hotter  tube.  This  causes  the 
entrapped  impurities  to  boil  off  and  contaminate  the  xenon  or  krypton  gas. 

Manufacturing  burn-in  is  both  a desirable  and  useful  tool  to  screen 
leaking  or  unreliable  flashlamps.  One  supplier  operates  hi^  lamps  for  0.5 
hour  at  a high  energy  level  to  remove  defective  products. 

Krypton  lamps,  in  general,  will  not  last  as  long  as  xenon  because  their 
arc  is  hotter.  Many  commercial  YAG  lasers  used  in  semiconductor  scribing 
employ  continuous  wave  (CW)  linear  krypton  flashlamps  which  have  a lifetime 
of  about  200  hours  when  operating  at  full  or  nearly  '.ull  power.  Other  similar 
lasers  contain  tungsten  filament/halogen  CW  lamps  which  exhibit  approximately 
the  same  life  as  the  krypton  lamp. 

4.6  Helium/Cadmium  Lasers 

Helium/cadmium  lasers  are  similar  in  construction  to  other  gas  lasers 
except  that  they  contain  a cadmium  reservoir  near  the  anode  end.  Ov  it  the 
lifetime  of  the  laser  which  is  typically  2000  hours,  the  cadmium  vapor  is 
gradually  transported  to  the  cathode  end  where  it  is  deposited.  When  the 
cadmium  has  been  depleted  the  machine  will  cease  to  lase.  While  it  is 
theoretically  possible  to  provide  more  cadmium  to  extend  life,  another  fail- 
ure mechanism  begins  to  predominate.  This  mechani m is  triggered  by  cadmium 
sputter  trapping  the  helium  ions  near  the  cathode.  The  use  of  a helium 
ballast  tends  to  counteract  this  problem  by  replacing  the  lost  gas.  Another 
important  design  consideration  is  the  control  of  the  location  of  cadmium 
deposition  to  avoid  excess  entrapment  of  helium  ions.  An  alternate  design 
concept  known  as  "diffusion  return"  recirculates  the  cadmium  vapor.  Loss 
of  power  over  the  life  span  of  this  configuration  has  elso  been  noted  in  the 
literature. 

The  main  use  of  these  lasers  is  for  facsimile  machines,  blood  cell 
analyzers,  pollution  monitoring  equipment,  and  Raman  spectroscopy.  Its  blue 
beam  is  absorbed  efficiently  by  dry-processed  film  and  is  more  easily  detect- 
able than  the  red  output  of  helium/neon  lasers  due  to  the  greater  energy  in 
the  photons  of  helium/cadmium  lasers. 


10 


Typical  power  range  of  helium/ cadmium  lasers  is  from  5 to  40  mW. 
Warranties  of  1000  hours  are  available  from  manufacturers.  Manufacturing 
burn- In  for  24  hours  Is  advisable,  and  this  should  be  extended  to  SO  hours 
If  there  Is  any  evidence  of  helium  cleanup  problems. 

4.7  Helium/Neon  Lasers 

It  has  been  estimated  that  more  than  100,000  low  power  milliwatt- 
range  helium/neon  lasers  have  been  manufactured,  and  this  type  Is  the 
most  widely  uned  of  any  laser.  Low-cost  types  are  available  with  mirrors 
epoxled  to  the  gas  tube,  but  other  models  may  use  Brewster  windows  to  Isolate 
the  mirrors.  Manufacturing  burn-ln  ranges  from  24  to  36  hours  and  is  neces- 
sary to  eliminate  oxygen  which  outgasses  or  escapes  from  bubbles  in  the 
epoxy.  The  aluminum  cathode  itself  acts  ae  a getter  in  achieving  gas  clean- 
up. When  epoxy  bonding  is  not  used,  helium  diffusion  through  the  quartz 
tube  may  become  the  principal  failure  mechanism.  The  rate  of  diffusion 
through  glass  is  much  less  than  for  quartz. 

The  usual  manufacturers'  warranties  range  from  18  months  up  to  2 years 
of  unlimited  use.  Life  test  failures  observed  have  been  mos*ly  seal  problems 
or  discharge  contamination.  Average  life  has  been  found  to  be  about  12,000 
hours.  It  is  possible  for  humidity  to  penetrate  epoxy  seals,  and  this  can 
result  in  storage  related  malfunctions.  Hard,  optically-flat , glass  seals 
are  more  costly,  but  they  have  been  shown  to  withstand  a 1 year  hunidity  test. 
In  addition,  glass  to  metal  electrode  seals  appear  more  desirable  :’.mn  epoxy. 

A barium  getter  can  be  used  to  eliminate  unwanted  gases  in  a tube,  but 
once  the  getter  has  been  exhausted,  many  tubes  will  have  failed  within  2 or  3 
months.  Intermittent  or  cyclic  operation  of  low  power  helium/neon  lasers  has 
been  found  to,  result  in  problems.  A greater  reliability  can  be  attained  by 
continuous  laser  operation.  Outgasslng  from  epoxy  may  become  serious  after 
3 months  storage;  to  prevent  problems,  laser  operation  for  24  hours,  once  a 
month,  has  been  recommended  for  gas  cleanup.  Other  researchers  believe  that 
turning  the  laser  on  two  or  three  times  a year  is  sufficient,  while  a third 
scientist  operates  his  machines  13  minutes,  once  a week,  while  on  the  shelf. 
Data  collected  by  the  Bureau  of  Radiological  Health  (Figure  4.7-1)  indicates 
that  the  aging  problem  may  not  be  too  serious,  but  additional  controlled 
experiments  are  required  to  provide  a definitive  answer. 

A study  has  shown  that  introducing  minute  quantities  of  hydrogen  or 
water  vapor  can  extend  helium/neon  laser  life.  Optimization  during  design 
and  close  control  of  the  ratio  of  helium  to  neon  gas  during  production  are 
also  important. 

Th<  many  uses  of  helium/neon  lasers  include  alignment  applications 
in  the  construction  and  mining  industries,  metrological  purposes,  zip  code 
sorting  in  the  Postal  Service,  light  sources  for  automated  supermarket  check- 
out systems,  scanners  for  transceiving  news  pictures,  and  gyros  which  employ 
three  helium/neon  ring  lasers  arranged  in  mutually  perpendicular  axes. 
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Figure  A. 7-1,  Helium/Neon  Laser  Power  Katio  versus 


4.8  Heterojunction  Gallium  Arsenide  Injection  Lasers 

Injection  lasers  are  small  components  similar  in  size  to  light 
emitting  diodes  (LED's).  Gallium  arsenide  (GaAs)  and  gallium  aluminum 
arsenide  (GaAlAs)  devices  lase  in  wavelengths  ranging  between  800  and 
904  nanometers.  Single  laser  diodes  are  being  produced  with  room  temper- 
ature peak  powers  from  1 to  50  watts,  and  higher  power  stacks  can  produce 
greater  _han  300  watts.  Typical  pulse  rate  is  in  the  neighborhood  of  3 
kHz.  with  a pulse  width  of  120  ns.  These  devices  appear  to  have  a nonlinear 
failure  me,  hanism  which  is  a function  of  pulse  width.  Thus,  if  pulse  width 
is  lengthened  to  200  ns,  more  failures  will  be  observed. 

Design  life  for  these  devices  is  in  excess  of  5000  hours,  but  no 
verification  data  are  available  because  tests-to-failure  have  been  truncated 
prior  to  attainment  of  this  duration.  Substantial,  statistically  significant 
samples  have  been  tested  for  1000  hours  and  for  4000  hours  with  no  catastrophic 
failures  observed.  Drift  type  failure  has  been  defined  in  various  literature 
sources  as  greater  than  20  or  25  percent  degradation.  Typically  10  percent 
degradation  in  output  power  has  been  observed  after  500  hours  of  operation,  but 
8,000  to  10,000  hours  of  operation  may  be  required  to  reach  20  percent  degrada- 
tion. This  observation  has  been  extrapolated  from  the  curve  of  the  mean  life 
value  derived  from  the  samples  tested.  It  appears  that  a major  facto''  in 
cathode  degradation  is  the  result  of  impurities  released  from  the  metallic 
anode  which  are  then  absorbed  on  the  emitting  GaAs  surface.  Additional  data 
on  this  subject  can  be  found  in  Reference  4.  Occasional  weak  junctions  and 
distorted  beam  patterns  have  been  observed  in  the  field.  Very  few  crystal 
defects  have  been  observed  by  users;  however,  a well-designed  heat  sink  is 
advantageous  for  many  applications. 

Manufacturing  screening  tests  have  been  run  at  high  and  low  tempera- 
ture with  a fallout  of  about  2.5  percent.  Ten  to  20  percent  overstress  has 
also  been  used  as  a production  burn-in  with  good  success.  While  burn-in  is 
desirable  f.r  high  reliability  systems,  it  may  not  be  required  with  the 
mature  commercial  product.  Warranties  of  up  to  1 year  of  unlimited  use  are 
given  from  the  manufacturer. 

Uses  for  laser  diodes  include  small  lightweight  ranging  devices  as 
well  as  designators  employed  in  tactical  war  game  maneuvers.  Laser  diode 
chips  are  also  incorporated  in*-o  hybrid  flatpack  transmitter  assemblies  for 
remote  sensing  of  air  pollutants. 

4.9  Solid  State  Lasers 

Flashlamp-pumped  solid-state  lasers,  using  a ruby  rod,  were  first 
demonstrated  in  1960.  More  recently,  neodymium  doped  glass  rods  (Nd : Glass) 
have  been  used  for  high-power  applications,  but  the  large  majority  of  solid- 
state  lasers  use  neodymium  doped  yttrium-aluminum-garnet  (NdrYAG)  rods. 
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The  solid-state  laser  rod  and  flashlamp  refer  to  Figure  4.9-1  and  ~2, 
are  usually  housed  ir.  an  elliptical  cavity,  the  inner  surface  of  which  is  a 
highly  reflective  gold-plated  mirror.  De-ioni2ed  water  or  other  suitable 
fluids  flow  through  the  cavity  for  cooling  purposes.  Military  lasers  ordi- 
narily use  liquid  fluorocarbons  or  water-glycol  mixtures  for  low  temperature 
operation.  As  with  gas  lasers,  a TR  mirror  is  positioned  at  the  far  end  of 
the  cavity  and  a PR  mirror  is  normally  used  at  the  output  end.  Other  compo- 
nents may  include  a mode  selector  between  the  cavity  and  the  TR  mirror  plus 
a telescope-type  beam  expander  at  the  exit  end.  The  optical  train  (see  Figure 
4.9-2)  is  completed  by  a "Q"  switch  located  between  the  PR  mirror  and  the 
cavity.  "Q"  switching  is  a technique  for  obtaining  short  duration  laser 
pulses  from  a rod  pumped  by  a CW  lamp  or  for  decreasing  the  time  scale  of 
the  pulse  when  the  rod  is  pumped  by  a flashlamp.  As  a result,  peak  power 
per  pulse  is  increased  by  several  orders  of  magnitude.  "Q"  switch  technology 
has  progressed  from  rotating  prisms  or  mirrors  to  electro-optical  (E/0) 

Pockels  Cells.  At  the  present  time  the  most  reliable  method  appears  to  be  the 
acousto-optical  (A/0)  solid  state  switch.  Solid-state  laser  components  are 
discussed  in  more  detail  in  Section  4.13. 

There  is  considerable  evidence  available  to  prove  that  solid-state 
lasers  do  not  wear  out.  The  major  life-limiting  characteristic  is  a require- 
ment for  periodic  replacement  of  flashlamps.  Greater  than  90  percent  of  the 
"random"  type  failure  mechanisms  are  associated  with  dust  on  optical  surfaces, 
misalignment,  or  the  cooling  system.  The  dust  problem  is  being  eliminated  by 
protective  bellows  type  shields  to  completely  enclose  the  optical  train.  New 
designs  are  available  which  are  aligned  at  the  factory  and  do  not  requi  e 
adjustment  in  the  field.  Cooling  system  malfunctions  can  be  eliminated  by 
proper  selection  of  the  tubing  and  heat  exchanger  materials  as  well  as  by 
placing  a de-ionizer  upstream  of  the  cavity.  With  unsealed  designs,  it  may 
be  necessary  to  control  coolant  temperature  to  avoid  humidity  condensation 
on  the  rod  ends. 

Manufacturers'  warranties  on  commercial  soli^-state  lasers  range  from 
6000  hours  to  1 year  of  unlimited  use  with  lamps  excluded.  Some  evidence  has 
be^n  seen  that  leads  to  the  conclusion  that  certain  commercial  YAG  lasers  have 
achieved  better  MTBF's  than  military  YAG  lasers  for  both  laboratory  and  ground 
environments.  The  probable  reason  for  this  unusual  occurrence  is  that  intense 
competition  has  forced  the  incorporation  of  improved  process  control,  simpli- 
fication, rugged  construction,  or  other  beneficial  design  innovations. 

Applications  for  solid  state  lasers  up  to  the  megawatt  peak  power 
range  include  welding,  hole  drilling,  fusion  experiments,  resistor  trimming, 
and  scribing  of  chips  in  the  semiconductor  industry.  The  military  uses  these 
lasers  in  the  lower  power  milliwatt  range  for  target  illumination,  designation, 
or  rangefinding.  Rangefinders  measure  distance  by  timing  the  interval  between 
a transmitted  laser  pulse  and  the  reflected  return  from  the  target  object. 

This  time  interval  is  then  converted  to  a digital  display  of  range.  Ranging 
errors  have  been  experienced  at  low  temperature  but  this  appears  to  be  an  elec- 
tronics design  problem.  Designators  are  used  by  ground  or  aircraft  observers 
to  illuminate  the  target  for  tactical  missiles  equipped  with  photodiode  type 
seekers. 
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1 - Collimating  telescope 

2 - Collimating  telescope  X-axis  adjustment  screw 

3 - Magnetic  pickup  mount  adjustment  lockscrew  (2) 

4 - Magnetic  pickup 

5 - Magnetic  pickup  locknut 

6 - Folding  mirror  adjustment  nut  (3) 

7 - Folding  mirror 

8 - Q-switch  head 

9 - Exit  mirror  (sapphire  etalon) 

10  - Exit  mirror  adjustment  nut  (3) 

11  - 45°  prism  adjustment  screw 

12  - 45°  prism  adjustment  lockscrew  (2) 

13-45°  prism 

14  - Porro  prism 

15  - Collimating  telescope  X-axis  adjustment  lockscrew  (4) 

16  - Q-switch  tilt  adjustment  screw 

17  - Q-switch  tilt  adjustment  lockscrew  (4) 

18  - Porro  prism  adjustment  nut  (3) 

19  - Porro  prism  mounting  screw  (2) 

Figure  4.9-1.  Typical  Solid  State  Laser 
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Figure  4.9-2.  Typical  Solid  State  Laser  Optical  Train 

4. 10  TEA  Lasers 

Transversely  excited  atmospheric  pressure  (TEA)  lasers  typically 
utilize  a mixture  of  CO2  - N2  - He  gases  flowing  through  a pulsed  discharge 
which  is  formed  transverse  to  the  axis  of  the  tube.  Experiments  have  also 
been  conducted  with  other  gases  such  as  HF,  DF,  CO,  and  N2O  as  well  as  with 
sealed  tubes.  A major  advantage  of  these  lasers  is  that  they  can  provide 
high  peak  powers  of  greater  than  one  Mw  in  a very  lightweight  compact  machine. 
The  devices  are  capable  of  operation  at  high  repetition  rates  and  appear  to 
be  useful  for  a number  of  communication  and  radar  applications. 

Pulsing  of  TEA  lasers  is  achieved  by  either  spark-gap  circuitry  or  a 
thyratron.  Thyratron  life  in  this  application  has  been  found  to  be  about  2000 
hours  of  operation  although  it  is  only  warranted  by  the  manufacturer  for  200 
hours.  It  is  possible  to  burn  spots  on  the  electrodes  when  the  laser  has  been 
operated  with  a bad  thyratron  because  an  arc  is  struck  instead  of  the  usual 
glow  discharge.  Spark  gaps  require  periodic  maintenance  of  cleaning  on  the 
average  of  once  a month  after  50  to  300  hours  of  operation. 

TEA  laser  life  is  dependent  on  the  optics  which  typically  require 
cleaning  once  a month  and  replacement  after  1000  hours  of  operation.  Because 
of  this  problem,  optics  warranties  are  restricted  to  a maximum  of  10^  pulses. 
Warranties  for  the  rest  of  the  machine  range  from  1000  hours  to  1 year.  It  is 
possible  to  extend  the  life  of  the  optics  by  lowering  the  high  voltage  level 
or  adjusting  the  gas  mixture.  Charging  capacitors  occasionally  fail,  but  this 
is  to  be  expected  because  the  lasers  are  being  used  for  research  applications 
in  which  the  capacitors  have  little  or  no  electrical  stress  derating  and  are 
subjected  to  high  repetition  rates.  These  highly  stressed  capacitors  exhibit 
a failure  rate  that  is  two  orders  of  magnitude  (100  times)  greater  than  ident- 
ical charging  capacitors  conservatively  derated. 

4.11  Laser  Power  Supplies 

Data  on  laser  power  supply  part  failures  and  operating  hours  were 
collected  from  several  different  sources  during  the  course  of  this  relia- 
bility study.  Electronic  part  failure  rates  were  calculated  from  this  data. 
Although  this  data  bas^  was  much  smaller  than  is  available  from  conventional 
electronic  equipment,  the  failure  rates  fell  into  the  same  order  of  magnitude. 
As  a further  check,  the  observed  failure  rate  of  a statistically  significant 
quantity  of  laser  power  supplies  in  operational  use  was  compared  with  the 
predicted  failure  rate  using  MIL-HDBK-217B  piece-part  data.  The  result  of 
this  exercise  (see  Table  4.11-1)  indicated  that  the  observed  and  predicted 
values  were  in  very  close  agreement.  Therefore,  it  was  decided  not  to  uti- 
lize the  collected  power  supply  part  failure  rates  from  the  smaller  laser 
data  base,  but  to  employ  the  accepted  MIL-HDBK-217B  data  as  described  in 
Section  6.0  and  thus  achieve  a higher  degree  of  confidence  in  the  resulting 
predicted  values. 
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TABLE  4.11-1 


Laser  Power  Supply  Observed  versus  Predicted  Reliability 


Base  Failure  Rate*  Total  Failure  Rate 

Quantity  (failures/10^  hr)  (failures/lO^  hr) 


Transistor,  NPN 

34 

0.9800 

32.3200 

Transistor,  PNP 

8 

1.6000 

12.8000 

Diode,  general  purpose 

21 

0.6800 

14.2800 

Diode,  zener 

4 

0.8500 

3.4000 

Integrated  circuit 

9 

1.2800 

11.5200 

Resistor,  MIL-R- 39008 

34 

0.0048 

0.1632 

Resistor,  MIL-R-11 

114 

0.0240 

2.7360 

Resistor,  MIL-R-26 

3 

0. 3300 

0.9900 

Resistor,  Var.,  MIL-R-22097 

3 

9.5000 

28.5000 

Capacitor,  MIL-C-11015 

48 

0.4400 

21.1200 

Capacitor,  MIL-C-39002 

24 

0.0005 

0.0120 

Capacitor,  MIL-C-14157 

1 

0.0012 

0.0012 

Transformer 

6 

0.0560 

0.3360 

Choke 

2 

0.0600 

0.1200 

Relay 

3 

4 . 5000 

13.5000 

Connector 

13 

0.5100 

6.6300 

Predicted  totals 

324 

149.4284 

Predicted  MTBF  (hours)* 

6,692 

Observed  MTBF  (hours)** 

6,081 

* Source:  Section  3.0  of  MIL-HDBK-217B 


**  Source:  Best  estimated  based  on  actual  field 

data  In  airborne  Inhabited  environment 
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A majority  of  investigators  agree  that  the  charging  capacitor  is 
the  laser  power  supply  part  with  which  they  experience  the  most  trouble. 

As  discussed  in  Section  4.10,  the  major  reason  for  this  problem  is  the  fact 
that  many  power  supply  designs  do  not  provide  adequate  derating  for  this  part. 
Several  designers  have  commented  that  they  believe  that  the  charging  capacitor 
‘allure  rate  Increases  with  very  high  repetition  rates.  Actual  data  to 
quantify  and  support  this  contention  could  not  be  collected.  Figure  2.6. 1-1 
of  MIL-HDBK-217B  does  contain  information  on  temperature  Increase  effects 
caused  by  pulsing  plastic  film  capacitors.  One  manufacturer  for  the  military 
market  subjects  storage  capacitors  to  an  environmental  laboratory  altitude 
test  to  screen  marginal  parts,  and  this  procedure  has  greatly  decreased  the 
failure  rate  observed  in  the  field.  In  another  early  airborne  military  laser 
system,  a charging  capacitor  cyclic  failure  rate  in  the  order  of  10?  shots 
has  been  documented. 

The  second  most  frequent  laser  power  supply  malfunction  is  associated 
with  high  voltage  cables  and  connectors.  A significant  portion  of  this  prob- 
lem appears  to  be  related  to  improper  cable  routing.  MIL-STD-810  tests  in 
both  the  humidity  and  altitude  environments  are  a valuable  aid  to  achieving 
product  improvement  and  high  reliability  laser  power  supply  designs. 
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4.12 


Limited  Use  Items 


There  are  a number  of  different  kinds  of  limited  use  gas  lasers  for 
which  it  was  not  possible  to  collect  sufficient  reliability  data  to  construct 
realistic  failure  rates,  failure  modes,  or  mathematJ  al  models.  In  general, 
these  lasers  are  used  for  fusion  studies  and  other  laboratory  research  pro- 
jects where  the  characteristic  wave  length  is  of  interest.  The  helium/ 
selenium,  nitrogen,  xenon,  DF,  and  HF  gas  lasers  are  typical  of  the  machines 
which  fall  into  the  limited-use  category.  Many  of  the  failure  modeb  pecu- 
liar to  other  gas  lasc’-c,  such  as  gas  cleanup,  solarizatlon,  envelope  integ- 
rity, and  diffusion  should  be  expected  to  occur  and  to  be  observed  as  experi- 
ence is  gained. 

For  reliability  prediction  purposes,  estimates  can  be  made  either  by 
using  the  component  building-block  approach  or  by  choosing  a math  model  based 
on  similarity  to  other  lasers.  The  hellum/selenlum  laser  is  similar  to 
helium/cadmium  while  the  other  limited-use  lasers  listed  are  perhaps  closest 
to  the  argon  ion  or  CO2  systems. 

4.13  Laser  Components 

Recent  failure  mode  and  mechanism  data  on  major  laser  components 
are  discussed  in  this  section  as  they  pertain  to  typical  usage  in  operating 
commercial  and  military  laser  systems.  Materials  damage  information  from 
very  high  power  research  applications  has  been  omitted  since  this  area  is 
outside  the  scope  of  the  study.  Several  investigators  have  stated  that  there 
are  perhaps  five  orders  of  magnitude  between  damage  thresholds  and  nominal 
energy  levels  being  used  in  the  lasers  for  which  reliability  predictions  are 
required.  Most  researchers  are  unanimous  in  their  opinion  that  the  quality 
of  laser  components  has  improved  significantly  in  the  last  5 years. 

4.13.1  Crystals 

Crystals  are  used  in  a wide  variety  of  laser  applications  including 
frequencer  doublers  or  second  harmonic  generators  (SHG).  In  the  case  of  YAC 
lasers,  deuterated  cesium  dlhydrogen  arsenate  (CD*A)  is  used  to  go  from  the 
1.06  to  the  0.532  micron  wave  length.  Other  crystals  in  common  usage  are  deute- 
rated potassium  dlhydrogen  phosphate  (KD*P) , lithium  iodate  (LIIO3) , and 
lithium  nlobate  (LlNb03>.  With  adequate  derating,  there  is  no  evidence  that 
these  crystals  themselves  wear  out;  however,  the  coatings  may  degrade  if 
subjected  to  excessive  heat.  There  have  been  examples  of  fractures  of  CD*A 
crystals  when  operated  at  100°C.  The  problem  has  been  solved  by  substituting 
CDA  for  CD*A  and  reducing  the  operating  temperature  to  ''0°C. 

4.13.2  Mirrors 

Laser  mirrors  being  used  in  the  late  1960's  exhibited  a large  number 
of  quality  control  problems  associated  with  Improper  coatings.  In  recent 
years,  the  major  vendors  have  improved  their  manufacturing  process  controls 
and  the  currently  available  production  mirrors  are  highly  reliable. 
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Mirror  coatings  fall  Into  two  general  categories,  TR  and  PR.  The 
TR  type  la  typically  prepared  by  depositing  either  a gold  or  multilayered 
dielectric  or  both  types  of  material  on  a silicon  or  other  metallic  substruce. 
Dielectric  materials  in  common  usage  are  magnesium  fluoride  (MgF2),  cadmium 
tellurlde  (CdTe) , and  zinc  sulfide  (ZnS) . As  many  as  25  layers  of  these 
materials  may  be  required  to  get  0.999  reflectivity.  The  PR  coating  can  be 
made  of  the  same  construction  except  that  fewer  layers  are  used,  and  a trans- 
mitting material  is  substituted  as  the  substrate. 

To  achieve  lowest  loss  and  least  Impurities,  vacuum  deposition 
methods  are  employed  with  either  a resistance  heater  or  an  electron  beam 
to  evaporate  high  temperature  material.  The  electron  beam  approach  is  pre- 
ferred by  many  manufacturers  because  it  provides  good  adhesion  at  the  molec- 
ular level  and  minimizes  scattering.  Dust  contamination  is  the  major  cause 
of  mirror  coating  failure,  and  substrate  heating  must  also  be  avoided.  There 
have  also  been  reports  of  coating  damage  caused  by  inadvertent  contact  with 
leaking  liquid  fluorocarbon  coolants.  Certain  unsealed  laser  designs  require 
that  maintenance  action  to  clean  mirror  coatings  be  done  on  a periodic  basis. 

4.13.3  "Q"  Switches 

In  order  to  provide  the  function  described  in  Section  4.9,  early 
solid-state  layers  employed  the  spinning  mirror  mQm  switch.  The  mirror  was 
mounted  on  the  end  of  a miniature  electric  motor  shaft  and  was  found  to  be 
unreliable  because  of  bearing  wearout,  dust  contamination,  misalignment  and 
balancing  problems. 

The  next  generation  "Q"  switch  was  the  E/0  Pockels  cell.  Crystal 
materials  used  for  this  purpose  Include  ammonium  dlhydrogen  phosphate  (ADP) , 
KD*P,  potassium  dlhydrogen  phosphate  (KDP)  , LiNb03.  The  KD*P  is  perhaps 
most  commonly  employed,  and  it  is  often  immersed  in  a liquid  fluorocarbon 
for  index  matching  and  hygroscopic  protection.  An  alternative  design  for 
KDP  Pockels  cells  utilizes  a hermetic  seal  and  desiccant  approach.  The 
desired  E/0  "Q"  switching  is  caused  by  varying  the  refractive  index  of  the 
crystal  axes  vith  an  impressed  electric  field,  thus  modulating  the  light 
beam.  Typical  Pockels  cell  failure  modes  are  leakage  of  the  index  matching 
fluid,  coating  damage  from  misalignment,  and  bubbles  in  the  cell  caused  by 
fllamenting  or  hot  spots  in  the  beam.  In  some  applications,  LiNb03  may  re- 
quire a gaueous  oxygen  bleed  as  the  crystal  loses  oxygen  with  time. 

A major  Pockels  cell  manufacturer  has  recently  switched  production 
entirely  to  A/0  "Q"  switches  because  of  the  improved  reliability  advantage 
of  this  new  design.  Tht  typical  A/0  type  "Q"  switch  utilizes  a transducer 
to  introduce  a sound  wave  to  a prism  in  the  laser's  optical  train.  The 
elastic  wave  acts  to  deflect  the  light  beam  off  the  mirrored  surface,  thus 
alternately  achieving  reflection  and  transmission.  Early  designs  experienced 
occasional  bond  failures  between  the  transducer  and  the  quartz  prism.  At 
present,  grease  bonds  ..re  being  used  with  great  success,  and  a large  quantity 
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of  part  hours  have  been  accumulated  with  no  failures.  Solid-state  YAG 
laser  scribers,  with  A/0  "Q"  switches,  have  operated  reliably  24  hours 
per  day  for  more  than  30  months.  As  long  as  dust  contamination  is  kept 
off  the  component,  no  "Q"  switch  failures  are  observed. 

4.13.4  Rods 

Solid-state  laser  rods  consist  primarily  of  one  of  three  materials, 
ruby,  Nd:Glass,  or  Nd:YAG.  Early  lasers  experienced  rod  failures,  but  the 
major  reason  for  this  problem  was  minute  impurities  which  were  introduced 
during  manufacturing.  Very  pure  rods  are  now  available  and  rod  failures 
are  rarely  observed  in  low  and  medium  power  applications  such  as  military 
designators,  rangefinders,  and  commercial  semiconductor  scribers. 

The  typical  laser  rod  uses  antireflect ive  (AR)  coatings  on  both 
ends  which  may  consist  of  a single  layer  of  magnesium  fluoride  (MgF2>  dielec- 
tric material.  Dust  must  be  kept  off  the  rod  ends.  For  high-power  laser., 
rod  coating  damage  can  result  from  hitting  a reflective  target.  Optics 
misalignment  can  also  cause  reflected  energy  which  will  burn  the  rod  coativ?. 

Amino  compounds  are  not  compatible  with  ruby  rods  and  they  should 
be  avoided.  One  user  of  a YAG  laser  reported  no  rod  problems  in  over  3 
years  field  experience  with  daily  operation.  Ruby  rods  which  were  not  kept 
clean  required  replacement  between  5 x 10^  and  5 x 10&  shots. 

4.13.5  Brewster  Windows 

Brewster  windows  are  utilized  on  gas  lasers  to  isolate  the  mirrors 
from  the  discharge.  Orientation  at  the  proper  Brewster  angle  prevents  reflec- 
tions which  would  result  in  power  loss.  The  actual  AR  angle  employed  varies 
with  the  refractive  index  of  the  material  used  for  the  window,  and  with 
sodium  chloride  (NaCl)  and  most  glasses  the  angle  is  about  56  degrees.  Any 
material  which  transmits  the  particular  laser  radiation  involved  can  be  used 
as  a Brewster  window.  Glass  or  quartz  are  usually  employed  as  long  as  the 
wavelength  is  within  its  transmission  range  which  extends  through  the  visible 
to  the  near  infrared  (IR) . Beyond  this  range,  some  other  material  must  be 
used.  Salt  is  a good  window  material  for  infrared  lasers,  but  it  has  a very 
short  life  ir.  humid  environments.  Even  with  average  relative  humidities 
below  50  percent,  NaCl  window  replacements  may  be  required  after  approximately 
5 weeks.  Potassium  chloride  (KC1)  is  more  commonly  used  for  Brewster  windows, 
because  it  is  not  as  hygroscopic  as  NaCl.  Zinc  selenide  (ZnSe)  and  GaAs  have 
also  been  used  with  success.  Metallic  gold/ indium  compounds  have  been  used 
as  a reliable  method  to  attach  Brewster  windows  to  the  laser  tube. 
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5.0  DATA  ANALYSIS 


5.1  Statistical  Methods,  Assumptions,  and  Ground  Rules 

Operational  failure  data  on  laser  deviren  have  been  collected, 
analyzed,  and  summarized  In  the  form  of  failure  rates  for  individual  laser 
item  types.  The  following  sections  describe  the  basic  ground  rules  and 
assumptions  used  in  this  analysis  and  define  the  statistical  tests  used 
in  combining  the  data.  The  methods  used  for  calculating  failure  rate  con- 
fidence limits  are  Included.  Numerical  examples  are  given  for  the  statistical 
tests  and  for  confidence  limit  calculations. 

5.1.1  Assumption  of  Exponential  Distribution 

It  is  generally  accepted  that  failure  times  for  most  electronic 
parts  are  exponentially  distributed.  Although  this  acceptance  does  not 
extend  to  some  laser  items,  the  assumption  and  use  of  the  exponential  failure 
distribution  has  ordinarily  been  extended  to  performing  reliability  calcu- 
lations for  these  items.  Two  primary  factors  are  involved  in  the  widespread 
use  of  this  assumption: 

1^  It  greatly  simplifies  the  reliability  prediction  techniques; 

2_  There  is  a pronounced  lack  of  time-to-failure  data  on  most 
laser  items,  so  that  a more  descriptive  failure  distribution 
cannot  be  established. 

The  second  factor  was  evident  during  the  data  collection  phase  of  this  study 
program.  Many  sources  could  provide  only  the  total  quantity  of  item-hours 
and  failures  rather  than  time-to-failure  data.  It  wsb,  therefore,  necessary 
to  assume  the  exponential  distribution  during  the  calculation  of  failure 
rates  for  this  program. 

Based  on  the  exponential  distribution,  failure  rates  with  respect 
to  functional  and  environmental  applications  have  been  calculated  for  the 
items  for  which  data  were  available. 

5.1.2  Calculation  of  Confidence  Limits 

Two-sided  limits  of  a 90  percent  confidence  interval  have  been 
derived  for  the  failure  rates  in  this  report  with  one  exception: 

When  the  item  type  under  evaluation  had  zero 
failures,  the  failure  rate  point  estimate  was 
calculated  as  a function  of  total  item-hours, 
and  the  chi-square  (x^)  value  obtained  from 
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Che  upper  single-elded  60  percent  confidence 
level  at  2 degrees  of  freedom.  Therefore, 
no  confidence  limits  are  given  for  failure 
rates  calculated  In  this  manner. 

Before  calculating  the  90  percent  two-sided  confidence  limits  It 
was  first  necessary  to  deternlne  whether  the  Item  data  were  time  or  failure 
truncated.  As  far  as  could  be  determined,  no  known  instances  of  failure 
truncated  information  were  reported,  received,  or  documented;  therefore,  It 
waa  assumed  that  the  data  were  time  truncated.  The  upper  confidence  limit 
was  obtained  by  using  the  component  Item-hours  and  the  upper  95  percent  chi- 
square  value  at  2r  + 2 degrees  of  freedom.  The  lower  limit  value  was  like- 
wise obtained  using  the  component  item-hours  and  th?  lower  5 percent  chi- 
square  value  at  2r  degrees  of  freedom.  If  the  data  had  been  failure  trun- 
cated, the  value  for  the  upper  limit  would  still  have  been  obtained  at  the 
95  percent  level,  but  at  the  2r  degrees  of  freedom  coordinate.  The  lower 
confidence  limit  value  would  not  have  changed. 

The  general  equations  used  for  obtalrlng  the  upper  and  lower 
confidence  limits  on  the  Item  failure  rates  in  chis  report  are  as  follows: 


X2  (a/2,  2r ) 
2T 


Lower  confidence  limit 


X2  (l-a/2 , 2r+2) 
2T 


Upper  confidence  limit. 


where : 


the  number  of  failures  which  determines  the  degroe-of- 
freedom  coordinate  used  In  determining  chi-square  (x‘) 


a/2 

l-a/2  ■ the  95  percent  percentile  coordinate  used  to  determine 


the  5 percent  percentile  coordinate  used  to  determine 
the  x^  value  at  the  lower  confidence  limit 


2 

the  x value  at  the  upper  confidence  limit 
T - the  total  number  of  component  Item- hours. 


As  an  example,  three  failures  on  helium/cadmium  lasers  occurred 
during  0.0398  x 10^  item-hours  of  operation.  To  calculate  the  failure  rate 
and  associated  90  percent  two-sided  confidence  limits,  a table  cf  x^  values 
from  Reference  5 is  used  to  establish  the  values  of  the  upper  and  lower 
90  percent  confidence  limits.  The  results  are  as  follows: 
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Pollute  race 


Fallurea 
Item- Hours 


3 

0.0398  x 106 


75.37 


Failures 
1q6  Iten-Hours 


Lower  confidence  limit 


X2  6) 

2T 


1.64 

0.0796x10^ 


20.60  Failures 

10*  Item-Hours 


Upper  confidence  limit 


(0.95,  8)  . 
2T 


15.5 

0.0796x10^ 


194.72  Failures 

10b  Item-Hours 


5.1.3  Test  of  Homogeneity  of  Data 

When  billions  of  Item-hours  of  data  are  collected  from  many 
different  sources,  the  analyst  Is  faced  with  the  task  of  determining  how 
the  data  should  be  combined.  Obviously,  It  Is  Imperative  that  homogeneity 
of  Item  populations  be  maintained.  If  not,  the  Introduction  of  bias  and 
loss  of  precision  In  item  failure  rates  would  result.  Therefore,  all  line 
items  of  failure  rate  data  were  carefully  studied  and  evaluated.  These 
data  ltesw  were  then  reordered  and  categorized  on  the  basis  of  laser  Item 
type,  item  subgroup  type,  functional  application,  and  environmental  applica- 
tion. 


Before  the  data  could  be  combined,  an  additional  evaluation  was 
also  necessary;  a statistical  test  for  homogeneity.  The  Dixon  Criterion 
test  was  chosen  to  statistically  detect  and  identify  those  data  entry  fail- 
ure rates  which  might  significantly  deviate  from  the  family  of  failure  rate 
entries  under  analysis.  The  ground  rules  and  statistical  assumptions  used 
for  this  Dixon  Criterion  testing  are  as  follows: 

2 Failure  rate  observations  derived  from  each  line 
entry  com  from  a single  normal  population. 

2 Population  mean  and  standard  deviation  of  the 
failure  rate  observations  are  unknown.  The  data 
sample,  consisting  of  the  failure  rate  line  entries, 
is  the  only  source  of  Information. 

2 The  probability  of  risk  ( «•  ) for  rejecting  an  observa- 
tion that  truly  belongs  In  the  group  is  10  percent. 

Line  ite  a significantly  different  at  either  end  of 
a 90  percent  two-sided  confidence  Interval  are  culled 
from  the  sample  before  a final  combined  failure  rate 
estimate  is  calculated.  (See  Section  5.1.2  for  a 
discussion  of  the  method  used  for  calculating  confi- 
dence Intervals.) 
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f*_  A minimum  of  three  line  entries  of  failure  rate  data 
ara  necessary  In  testing  the  homogeneity  of  the  samples. 

_5  When  a data  line  entry  has  zero  failures,  one  failure 
has  been  assumed  In  calculating  the  data  entry  failure 
rate.  Such  en  entry  Is  tested  only  to  determine  whether 
Its  failure  rate  Is  significantly  lower  than  the  others 
In  the  sample.  Extremely  low  failure  rateB  may  Indicate 
overzealous  censoring  of  failures  by  the  data  collecting 
activity.  A failure  rate  calculated  by  assuming  one 
failure  Is  not  Included  In  the  Dixon  Criterion  test  If 
It  Is  ranked  at  the  high  end  of  the  ordered  failure  rate 
data  entries,  since  a high  failure  rate  with  no  actual 
failures  Is  .meaningless . The  item-hours,  however,  of 
that  entry  are  combined  In  the  final  failure  rate  calcu- 
lation. 

As  an  example.  Table  5. 1.3-1  contains  the  three  lowest  and  the 
three  highest  ordered  line  items  of  failure  data  received  on  mirrors  and  the 
equations  for  Identifying  outliers  at  the  upper  and  lower  ends  for  a data 
base  of  25  observations. 

To  test  acceptability  of  sample  X^  at  the  low-end,  the  applicable 
failure  rates  In  fallures/108  item-hours  are  substituted  Into  the  correspond- 
ing formula,  and  the  result  obtained  Is: 


X3  " X1  15.385  - 5.882 

X23  “ Xi  3954.306  - 5.882 


0.002. 


This  value  Is  less  than  0.406;  therefore,  the  lowest  ordered  failure  rate 
Is  within  the  acceptable  boundary.  To  test  acceptability  of  sample  entry 
X25  at  the  high  end,  the  applicable  values  are  again  substituted  into  the 
corresponding  formula,  and  the  result  obtained  is: 


X25  ~ X23  12082.601  - 3954.306 

X25  " X3  " 12082-601  - 15.385 


This  value  Is  greater  than  0.406.  Therefore,  the  failure  rate  of  12,082.601 
and  Its  associated  Item-hours  and  failures  must  be  rejected.  These  would 
not  be  combined  in  the  final  failure  rate  estimate. 

This  iterative  testing  process  using  the  Dixon  Criterion  is  con- 
tinued until  all  unrealistic  outliers  have  been  eliminated.  The  data  and 
tables  used  for  determining  equations  and  statistics  to  be  applied  were 
obtained  from  Reference  6. 
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TABLE  5. 1.3-1 


Example  of 

Combination  of  Failure  Data  Line  Entries 
MIRRORS,  GENERAL 


Failure 

(Failures/10^ 

Rate 

Item-Hours) 

Item-Hours 

Failures 

X1  " 

5.882- 

170,000 

1 

X2  " 

13.699 

73,000 

1 

X3  " 

15.385 

65,000 

1 

X23 

3,954.306 

2,276 

X24  = 

7,029.877 

2,276 

f/**  lb 

X25  = 

12,082.601 

4,552 

55 

For  a sample  of  6 from  a data  base  of  23  observations,  if  the 
low  end  is  suspect, 

X - X 

reject  X if  — - — - 0.406. 

i X23  - Xj 

For  a sample  of  6 if  the  high  end  is  suspect, 

X25  X4  > 

reject  X.,  if  — — - 0.406. 

X25  X3 
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5.2 


Item  Classes  and  Failure  Rates 


The  purpose  of  this  program  has  been  to  construct  models  and 
assemble  failure  rate  data  that  are  suitable  for  future  revision  of  Section 
2.4  of  MIL-HDBK-217B.  This  was  done  through  the  collection,  study,  and 
analysis  of  laser  item  reliability  data  and  information.  These  data,  col- 
lected, studied,  and  analyzed,  have  been  categorized  by  specific  item  type 
and  environmental  application.  The  results  are  presented  in  Table  6.2-1. 

No  laser  devices  were  tested  to  obtain  data,  but  rather  an  extensive  data 
survey  and  collection  effort  was  undertaken  to  locate  and  obtain  necessary 
data.  Appendix  A lists  the  sources  from  which  the  data  were  collected. 

The  equipment  studied  were  typical  of  those  used  in  military 
ground  and  airborne  environments,  as  well  as  in  commercial  applications. 

Most  of  the  failure  rate  data  are  in  the  form  of  failures/10°  item-hours  of 
operation;  however,  some  failure  rates  are  in  terms  of  failures/10^  item- 
pulses.  These  failure  rates  are  annotated  in  Table  6.2-1  by  an  asterisk  (*) 
in  the  Item-Hour  column.  The  pulses  are  dynamic  rather  than  static. 

A limited  amount  of  qualitative  failure  mode  and  mechanism  data 
were  obtained  during  the  data  collection  effort.  These  data  are  summarized 
in  Section  4.0  for  several  general  classes  of  lasers.  No  significant  amount 
of  quantitative  data  was  obtained. 

5.3  Weibull  Analysis 

In  September  1951,  the  Swedish  professor  Waloddi  Weibull  pub- 
lished a distribution  function  which  is  most  general  inform  and  capable 
of  completely  describing  the  three  classical  reliability  periods  of  decreas- 
ing, constant,  and  increasing  failure  rates. 

While  the  distribution  was  apparently  first  conceived  for  the 
solution  of  mechanical  engineering  wearout  problems,  it  has  more  recently 
been  recognized  as  a powerful  tool  for  the  statistical  analysis  of  life 
tests  involving  both  electronic  and  mechanical  component  parts  and  equip- 
ment. It  has  been  used  for  analyzing  life  tests  of  vacuum  tubes  and  is 
coming  into  more  general  use  for  studying  the  reliability  of  semiconductors 
and  capacitors. 

Because  of  its  versatility,  the  distribution  which  bears  Professor 
Weibull's  name  continues  to  find  increasing  practical  application  in  the 
electronics  and  aerospace  industries. 

The  Weibull  distribution  is  a three  parameter  distribution  defined 
as  follows: 
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F(X:o,  6,  y)  • 


for: 


1 

a 


(x-y) 


6-1 


exp 


(X  - Y)8 

a 


x >_  Y 

Y > 0 
a > 0 
6 > 0 


- 0 otherwise 


where : 


a - scale  parameter 

6 ■ shape  parameter 

Y ■ location  parameter 

The  Welbull  shape  parameter  (6)  Is  of  extreme  importance  because 
It  describes  the  region  of  failure;  that  is: 

When  6=1,  the  failure  rate  is  said  to  be  constant  with  time. 

This  is  the  random  failure  region. 

When  8<1,  t.he  failure  rate  is  said  to  be  decreasing  i ch  time. 

This  is  normally  the  burn-in  region. 

When  6>1,  the  failure  rate  is  said  to  be  increasing  with  time. 

This  is  normally  the  wearout  region. 

1 

g 

The  parameter  a is  called  the  characteristic  life  and  denotes 
the  point  where  approximately  63  percent  of  the  population  has  failed. 

The  gamma  parameter  (y) , which  can  also  be  interpreted  as  a 
warranty  period,  is  called  the  location  parameter  or  minimum  life  below 
which  no  failures  should  occur.  In  the  following  analysis,  the  assumption 
is  made  that  all  items  placed  on  test  are  subject  to  failure  from  the  instant 
they  are  put  on  test;  hence,  the  location  parameter  equals  zero. 

5.3.1  Helium/Neon  Laser  Weibull  Analysis 

A limited  amount  of  test-to-failure  data  were  collected  on  helium/ 
neon  laser  from  several  different  sources.  Initial  inspection  revealed  that 
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a deeper  mathematical  investigation  was  necessary  to  categorize  and  define 
w th  a great  :r  degree  of  accuracy  the  reliability  parameters  of  these  devices. 
It  appeared  chat  the  data  would  fall  into  two  distinct  quality  levels  as 
described  in  Section  2.0  (b),  Part  Quality,  of  MIL-HDBK-217B.  It  was  not 
immediately  obvious  whether  these  two  quality  levels  were  attributable  to 
infant  mortality  stemming  from  manufacturing  variations  as  opposed  to  end- 
of-llfe  wearout  inherent  in  the  device  design.  To  resolve  this  question, 
Welbull  analyses,  as  described  in  Reference  7,  were  employed. 

5. 3. 1.1  Quality  Level  1 Data 

A statistically  significant  amount  of  quality  level  1 data  were 
received  from  two  different  sources  and  were  coded  Group  1 and  Group  2. 

The  times-to-failures  for  each  of  these  groups  were  independently  subjected 
to  a Welbull  analysis.  The  results  are  depicted  in  Figures  5.3-1  and  5.3-2. 
Surprisingly,  both  groups'  initially  exhibited  a sharply  increasing  failure 
rate  (0  = 4.32  and  5.32)  during  early  operation  of  up  to  approximately  13,000 
hours  (12,000  for  Group  1 and  14,000  for  Group  2).  This  first  period  was 
followed  by  a second  period  marked  by  a slightly  increasing  failure  rate 
(6  * 2.25  and  2.23)  for  both  groups  out  to  beyond  30,000  hours  of  useful 
operation.  In  other  words,  those  units  which  survived  13,000  hours  were 
very  good  units  and,  on  the  average,  tended  to  last  a very  long  time. 

The  mean  life  for  the  Welbull  distribution  depends  on  both  the 
scale  parameter  (a)  and  the  shape  parameter  (6).  The  mean  life  .is  termed 
the  characteristic  life  (n)  and  is  expressed  by: 
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The  characteristic  life  for  Group  1 and  Group  2 are  also  shown  on  Figures 
5.3-1  and  5.3-2,  respectively.  During  the  first  period,  n was  found  to  be 
approximately  17,300  hours  and  17,600  hours.  For  the  second  period,  n was 
observed  to  be  about  26,000  and  22,000  hours. 

Because  of  the  apparent  similarity  in  the  reliability  parameters 
exhibited  by  both  groups  of  quality  level  1 data,  a Kolmogorov-Smirnof f 
test,  Reference  8,  was  performed  on  Groups  1 and  2 as  shown  in  Figure  5.3-3. 
This  test  revealed  that  there  is  ro  significant  difference  in  the  two  groups 
at  the  95  percent  level,  and  they  can,  therefore,  be  combined  without  undue 
bias.  Figure  5.3-4  displays  the  combined  quality  level  1 data  which  exhibit 
a characteristic  life  of  about  20,000  hours.  It  should  be  noted  that  for  a 
true  exponential  distribution  (0=1),  the  characteristic  life  (n)  is  equal  to 
the  mean-time-between-failure  (MTBF  - a).  When  6=3.25,  the  distribution  be- 
comes normal.  The  analysis  of  the  combined  quality  level  1 data  (Figure  5.3-4) 
indicates  that  failures  are  normally  distributed  through  a large  portion  of 
the  useful  life.  The  remaining  devices  are  very  good  units  and  exhibit  a 
constant  or  slightly  decreasing  failure  rate  until  end-of-life.  The  failure 
mechanisms  which  contribute  to  this  phenomenon  are  discussed  in  Section  4.0. 
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5. 3.1.2  Quality  Level  2 Data 

Quality  level  2 data  were  received  from  two  different  sources 
and  were  subjected  to  Weibull  analyses  as  shown  In  Figures  5.3-5  and  5.3-6. 
This  quality  level  Is  neither  typical  nor  suitable  for  laser  devices  speci- 
fied or  required  for  military  applications. 

Croup  1 data  exhibited  a distribution  which  might  be  expected 
of  the  exponential  distribution  or  constant  failure  rate  hardware.  Group 
2 data  approximated  "he  normal  distribution  throughout  their  life  and  did 
not  show  the  decreasing  failure  rate  observed  in  Group  1 later  life. 

5. 3. 1.3  Observations 

Quality  level  1 helium/neon  lasers  use  higher  cost  construction 
and  have  better  manufacturing  process  controls  than  quality  level  2 
devices,  and  are  generally  applied  to  military  applications.  Quality  level 
2 applies  for  commercial  use. 

The  total  amount  of  helium/neon  laser  data  is  Bmall.  So  when  the 
data  from  quality  level  1 were  combined  as  described  In  Section  6.0,  it 
was  determined  that  use  of  the  constant  failure  rate  would  best  fit  the 
overall  situation  for  laser  predictive  modeling  purposes. 
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6.0  LASER  RELIABILITY  PREDICTION 


This  section  contains  failure  rate  atodela  and  failure  rate  data 
suitable  for  predicting  reliability  of  operational  laser  systems.  System 
models  are  provided  for  six  major  laser  types.  This  encompasses  greater 
than  90  percent,  of  the  hardware  presently  In  use. 

In  addition,  laser  device  and  component  data  are  also  presented. 
These  data  may  be  uaed  to  facilitate  predictions  for  new,  llmltcd-use 
research  lasers  and  require  the  conventional  building  block  approach  to 
perform  a reliability  assessment. 

Finally,  updated  laser  life  characteristics  have  been  Included  to 
allow  users  to  estimate  the  time  range  when  wcarout  might  be  expected  and 
better  plan  for  those  equipments  that  are  life  limited. 

6.1  Laser  System  Failure  Rate  Prediction  Hodels 


This  section  presents  failure 
classes  of  laser  systems: 

Hellum/Neon 
Argon  Ion 

Carbon  Dioxide,  Sealed 
Carbon  Dioxide,  Flowing 
Solid  State,  Nd : YAG  Rod 
Solid  State,  Ruby  Rod 


rate  prediction  models  for  six  major 


Sect. 6. 1 . 1 
Sect .6.1.2 
Sect .6.1.3 
Sect .6.1.4 
Sect .6.1.5 
Sect .6. 1 . 6 


Because  each  laser  family  can  be  designed  using  a variety  of  ap- 
proaches, the  system  failure  rate  prediction  models  have  nil  been  structured 
on  four  basic  laser  functions  or  categories  which  are  common  to  all  laser 
families,  but  may  differ  in  the  hardware  implementation  of  a given  function. 
Three  of  the  caregories  are  mandatory  and  must  be  considered  for  every  laser 
type.  They  are  Identified  as  the  lasing  media,  the  pumping  mechanism,  or 
pump,  and  the  coupling  method.  In  addition  to  these  mandatory  ones,  an  aux- 
iliary category  must  be  considered  in  order  to  include  peripheral  laser  subsys- 
tems that  may  be  required  for  cooling  or  for  gas  flow  regulation  purposes.  This 
functional  approach  to  system  failure  rate  prediction  for  lasers  ensures  com- 
pleteness, but  allows  flexibility  so  that  all  major  laser  elements,  environ- 
mental application  factors,  or  hardware  pecularities  withlr.  a family  can  be 
accounted  for  and  systematically  evaluated. 

In  order  to  clarify  this  system  failure  rate  prediction  approach, 
the  general  laser  model  is  an  additive  model  concept;  i.e. 

X LASER  “ XMEDIA  + XPUMP  + X COUPLING  + X AUXILIARY 
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The  Individual  values  and  expressions  within  each  additive  term 
have  been  Iteratively  derived  and  validated  from  laser  device  field  exper- 
ience. The  Initial  terms  and  expressions  utilized  were  obtained  either  from 
system  engineering  Judgements  based  on  a review  of  the  data  or  from  suggestions 
In  the  literature  for  special  cases. 


Examples  of  media-related  ha.dware  and  Influence  factors  are  the 
solid  state  rod,  the  gas,  the  gas  pressure,  the  vacuum  Integrity,  tie  gas 
mix,  any  outgasslng,  and  the  tube  diameter.  The  electrical  discharge,  the 
flashlamp,  the  power  supply,  and  the  energy  level  arc  examples  of  pump- related 
hardware  and  Influence  factors.  The  c.  jpllng  category  contributors  are  the 
"Q"  switch,  mirrors,  windows,  crystals,  substrates,  coatings,  and  level  of 
dust  protection  afforded.  The  auxiliary  functional  grouping  Includes  coolants, 
de-lonlzers,  filters,  heat  exchangers,  seals,  O-rings,  pumps,  pressure  regulators, 
gas  flowmeters,  tubes,  fittings,  vacuum  valves,  and  degiee  of  contamination 
control  afforded. 


6.1.1  Helium/Neon  Lasers 

Sle/Ne  " "e  * MEDIA  + XPUMP  + "e  X COUPLING  + > AUXILIARY 
where : 

XHe/Nc  18  t*ie  he^lum/,ncon  lfl8er  failure  rate  In  failures/10^  operating  hours. 

t»  Is  the  environmental  application  factor,  and  its  value  Is  determined 

from  Table  6.1.1-I. 

XMEDIA  iS  t*ie  ‘"°^ure  ra$e  contribution  of  the  lasing  media,  and  its  value 
is  84  failures/10”  operating  hours  for  helium/neon  lasers. 

XPUMP  *8  t^,e  ^a^ure  rate  contribution  of  the  pumping  mechanism  which,  for 
helium/neon  lasers,  is  the  power  supply.  The  power  supply  failure 
rate  is  to  be  calculated  by  the  detailed  part  stress  analysis  pre- 
diction method  prescribed  for  electronic  devices  in  the  appropriate 
sections  of  MTL-HDBK-2 17 . 


^COUPLING 


is  the  failure  rate  contribution  of  the  laser  coupling  hardware, 
and  its  value  Is  0.1  failures/ 10^  operating  hours  for  helium/neon 
lasers . 


XAl'XII  IARY  Xs  failure  rate  contribution  of  the  auxiliary  equipment.  Since 
hellum/neon  lasers  do  not  normally  have  auxiliary  equipment,  its 
value  is  normally  zero. 

It  should  be  noted  that  the  helium/neon  laser  failure  late  prediction 
model  can  be  simplified  and  rewritten  as: 

XHe/Ne  " 84,1  "e  X POWER  SUPPLY 
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Based  on  teat-to-fallure  data,  Che  failure  rate  for  helium/neon  lasers  also 
appears  Co  be  conscanc  over  Che  major  portion  of  Che  laser's  expecCed  life 
range  or  span.  Reliability,  cherefore,  of  helium/neon  lasers  cannoC  bs 
improved  by  preventive  maintenance  replacement;  i.e.,  no  limited  life  items. 


TABLE  6. 1.1- I 

Application  Environmental  Factor, 


APPLICATION 

ENVIRONMENT 

SYMBOL 

\ 

"e 

Helium/Neon  | 

Argon  Ion  j 

TD 

0) 

s 

CO 

<M 

o 

u 

OO 

e 

•H 

S 

H 

u. 

«N| 

O 

u 

Solid  State 
Nd :YAG  j 

Solid  State 
Ruby 

Ground,  Ben.gn 

gb 

0.2 

X 

X 

X 

X 

X 

X 

Space  Flight 

SF 

0.2 

X 

Ground,  Fixed 

gf 

1.0 

X 

X 

X 

X 

X 

X 

Airborne,  Inhabited 

*, 

5.0 

X 

X 

X 

Naval,  Sheltered 

NS 

5.0 

X 

X 

X 

Ground,  Mobile 

s, 

5.0 

X 

X 

X 

Naval,  Unsheltered 

Nu 

5.0 

X 

X 

X 

Airborne,  Unihabited 

8.0 

X 

X 

X 

Satellite  or  Missile  , 

\ 

8.0  ; 

X 

Launch 

Note : 

X Indicates  current  or  past  application. 

These  data  were  derived  from  operational 
systems  such  as  the  ground  mobile  AN/WS-1 
and  the  airborne  AN/AVQ-9. 
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6.1.2  Argon  Ion  Lasers 

XAI  “ nE  X MEDIA  + XPUMP  + nE  XCOUPLING  + XAUV  LIARY 
where : 

Is  the  argon  ion  laser  failure  rate  in  failures/lO^  operating  hours. 

„ is  the  enviromnental  application  factor  and  its  value  is  determined 

from  Table  6.1.1-I. 


XMEDIA  *S  t*ie  ^a^^ure  rate  contribution  of  the  lasing  media,  and  its 

value  is  457  failures/10^  operating  hours  for  argon  ion  lasers. 

^PUMP  is  t^e  ^a*-lure  rate  contribution  of  the  pumping  mechanism  which, 

for  argon  ion  lasers,  is  the  power  supply.  The  power  suppjv  failure 
rate  is  to  be  calculated  by  the  detailed  part  stress  analysis  predic- 
tion method  prescribed  for  electronic  devices  in  the  appropriate 
Sections  of  MIL-HDBK-217 . 


^COUPLING 


is  the  failure  rate  contribution  of  the  laser  coupling  hardware, 
and  its  value  is  6 failures/10^  operating  hours  for  argon  ion 
lasers.  It  should  be  noted  that  the  predominant  argon  laser 
failure  mechanism  is  related  to  the  gas  media  (as  reflected  in 
*MEDIa)  * however,  when  the  tube  is  refilled  periodically  (pre- 
ventive maintenance)  the  mirrors  (as  part  of  xC0UPI,ING)  can  be 
expected  to  deteriorate  after  approximately  104  hours  of  operation 
if  in  contact  with  the  discharge  region. 


XAUXILI  RY  t*1C  ^a^^ure  rate  contribution  of  the  auxiliary  cooling  equip- 
ment, and  its  value  is  to  be  calculated  from  the  appropriate  item 
failure  rates  listed  in  Table  6.2-1  and  the  parts  count  method 
described  in  Section  3.0  of  MIL-HDBK-217. 


It  should  be  noted  that  the  argon  ion  failure  rate  prediction  model  can  be 
simplified  and  rewritten  as: 

XAI  = 463  11 E + X POWER  SUPPLY  + XAUXILIARY 


6.1.3  Carbon  Dioxide,  Sealed  Lasers 


XC02  SEALED 


"E  "0  "B  XMEDIA  + XPUMP  + 11 E "OS  XC0UPLINC  + XAl'XILIARY 
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where : 


CO ^ SEALED  is  Che  carbon  dioxide  sealed  laser  failure  rate  in  fallures/10^ 
operating  hours. 

Tig  is  the  environmental  application  factor,  and  its  value  is 

determined  from  Table  6.1.1-I. 


n is  the  gas  overfill  factor,  and  its  value  is  determined  from 

Table  6. 1.3-1. 


is  the  ballast  factor,  and  its  value  is  determined  from  Table 
6.1.3-II. 


XMEDIA 


XPUMP 


OS 


is  the  failure  rate  contribution  of  the  lasing  media,  and  its 
value  is  determined  from  Table  6.1.3-III  which  is  based  on  the 
empirical  expression: 


MEDIA 


69  I - 450ma 
■ ■ ..  ■ ■ 

Ima 


failures 

10^  operating  hours 


where:  I - Current  in  milliamperes  and  lOma  and 

< 150  ma. 


is  the  failure  rate  contribution  of  the  pumping  mechanism  which, 
for  carbon  dioxide  sealed  lasers,  is  the  power  supply.  The  power 
supply  failure  rate  is  to  be  calculated  by  the-  detailed  part 
stress  analysis  prediction  method  prescribed  for  electronic 
devices  in  the  appropriate  Sections  of  MIL-HPBK-217 . 


is  the  active  optical  surface  application  factor,  and  its  value 
is  determined  from  Table  6.1.3-IV  and  Figure  6. 1.3-1. 


X COUPLING 


is  the  failure  rate  contribution  of  the  laser  coupling  hardware; 
that  is,  lenses,  mirrors,  prisms,  exit  windows,  etc.  Its  value 
is  10  failures/10^  operating  hours  for  carbon  dioxide  sealed  lasers 


Auxiliary 


is  the  failure  rate  contribution  of  the  auxiliary  cooling  equip- 
ment, and  its  value  is  to  be  calculated  from  the  appropriate  item 
failure  rates  listed  in  Table  6.2-1  and  the  parts  count  method 
described  in  Section  3.0  of  MIL-HDBK-217 . 


'1 


TABLE  6. 
GAS  OVERFILL 

1.3-1 
FACTOR,  it 

0 

C02  OVERFILL 

it 

PERCENT  * 

0 

0 

1.00 

25 

0.75 

sO 

0.50 

♦Overfill  percent  is  based  on  the  percent  increase  over  the  optimum 
CO2  partial  pressure  which  is  no-mally  in  the  range  of  1.5  to  3 
Torr  for  most  sealed  CO2  lasers. 

TABLE  6.1.3-II 
BALLAST  FACTOR,  tt_ 

iJ 


PERCENT  OF  BALLAST 
VOLUMETRIC  INCREASE 

*B 

0 

1.0 

50 

0.5 

100 

0.3 

150 

0.2 

200 

0.1 
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TABLE  6.1.3-III 


X Value*  for  CO-  Sealed  Lasers 

HLDIA  a 


Current,  I* 

(in  milliamperes) 

XMEDIA 

(failures/10^  hours) 

10 

240 

20 

930 

30 

1,620 

40 

2,310 

50 

3,000 

100 

6,450 

150 

9,900 

* The  current  I Is  tube  current,  and  the  values  for  1 must  be  equal 
to  or  greater  than  10  and  equal  to  or  less  than  150  mllllamperes. 


TABLE  6.1.3-IV 


Optical  Surface  Factor, 


Number  of 
Active* 

Optical  Surfaces 

TT 

OS 

1 

1 

2 

? 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 5 

* ONLY  ACTIVE  OPTICAL  SURFACES  ARE  COUNTED.  AN  ACTIVE  OPTICAL  SURFACE 
IS  ONE  WITH  WHICH  THE  LASER  ENERGY  OR  BEAM  INTERACTS.  See  Figure 
6.1. 3-1  for  descriptions. 
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TOTALLY  REFLECTIVE 
(TR)  MIRROR 


LENS/WINDOW 


PARTIALLY  REFLECTIVE 
(PR)  MIRROR 


One  AcCive  Optical  Surface 
Count  ■ 1 


Two  Active  Optical  Surfaces 
Count  ■ 2 


* PRISM  has  only  2 active 
surfaces-,  because  inferior 
surfaces  are  not  subject  to 
to  external  particulate 
contamination 


Laser  Beam 


FIGURE  6.1. 3-1.  Examples  of  Active  Optical 

Surfaces  and  Count 
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6.1.4  Carbon  Dioxide,  Flowing  Lasers 

AC02  FLOWING  " "E  XMEDIA  + XPUMP  + *E  "OS  XCOUPLING  + XAUXILIARY 
where: 


XC02  FLOWING  is  the  carbon  dioxide  flowing  laser  failure  rate  in  failures/ 
10^  operating  hours. 

is  the  environmental  application  factor,  and  its  value  is 
determined  from  Table  6.1.1-I. 


XMEDIA 


is  the  failure  rate  contribution  of  the  lasing  media  and 
its  value  approaches  zero  for  carbon  dioxide  flowing  lasers. 
This  is  because  this  type  of  laser  is  much  less  susceptible 
to  leaks  and  long  term  gas  decomposition  than  a sealed  system. 
The  flowing  gas  also  acts  as  a purge  in  removing  contamination 
and  precluding  its  entrapment.  Therefore,  except  for  tube 
breakage  (which  has  rarely  been  observed)  optics  deteriora- 
tion appears  the  predominant  failure  mechanism  and  this  is 
accounted  for  under  XcoupLING> 


XPUMP  iS  t*lC  fai^ure  rate  contribution  of  the  pumping  mechanism  which 

for  carbon  dioxide  flowing  lasers  is  the  power  supply.  The 
power  supply  failure  rate  is  to  be  calculated  by  the  detailed 
part  stress  prediction  method  prescribed  for  electronic  devices 
in  the  appropriate  Sections  of  MIL-HDBK-217 . 

iiQg  is  the  active  optical  surface  application  factor,  and  its 

value  is  determined  from  Table  6.1.3-IV. 


XC0UPLING  *s  C^e  fa*lure  rate  contribution  of  the  laser  coupling  hard- 
ware; that  is,  lenses,  mirrors,  prisms,  exit  windows,  etc. 
Its  value  is  determined  from  Table  6. 1.4-1  which  is  based  on 
the  empirical  expression: 


300  P 

failures 

X COUP LING 

lKw 

10^  operating  hours 

where  P “ average  power  in  kilowatts 
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* AUXILIARY  18  C^e  ^a*lure  rate  contribution  of  the  auxiliary  cooling 
equipment  and  the  gas  flow  regulation  equipment,  and  their 
values  are  to  be  calculated  from  the  appropriate  item  failure 
rates  listed  in  Table  6.2-1  and  the  parts  count  method  de- 
scribed in  Section  3.0  of  MIL-HDBK-217 . 

It  should  be  noted  that  the  carbon  dioxide  flowing  laser  failure 
rate  prediction  model  can  be  simplified  and  rewritten  as: 

XC02  FLOWING  - X POWER  SUPPLY  + (300  P)  nE  "OS  4-  AAUXILIARY 


TABLE  6. 1.4-1 


X COUPLING  Values*  for  C02  Flowin8  Lasers 


Power 

X COUPLING  ! 

(kilowatts) 

(f ailures/10^  hours) 

0.01 

3 

0.1 

30 

1.0 

300 

*Note:  The  values  shown  are  valid  only  for  power  levels  up  to  one 

kilowatt.  Beyond  this  range  other  glass  failure  mechanisms 
begin  to  predominate  and  alter  the  ^COUPLING  values.  It 
should  also  be  noted  that  CO2  flowing  laser  optical  devices 
are  the  primary  source  of  failure  occurrence.  A preventive 
maintenance  program  on  optical  devices  would  greatly  extend 
laser  life;  however  procedures  must  be  tailored  to  the  indi- 
vidual design  of  each  system.  Typical  optical  cleaning 
methods  are  as  follows: 

1.  Use  dry,  pressurized  air  and  a camel  hair  brush  to 
remove  dust,  particulates,  etc. 

2.  Rub  with  high  quality  lens  tissue  using  moisture 
from  breath  (if  necessary). 

3.  Flush  with  distilled  water  and  a mild  laboratory 
detergent  (if  necessary). 

4.  Cautions  - 

a.  Use  of  special  gloves  for  handling  recommended. 

b.  Careful  use  of  20  to  30  percent  alcohol  solutions 
with  sterile  cotton  swabs  (change  swabs  frequently). 
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6.1.5 


Solid  State,  Nd:YAC  Rod  Lasers 


XNd:YAC  " "e  XMEDIA  + XPUMP  + "e  "c  "OS  XCOUPLINC  + X AUXILIARY 
where: 

XNd*YAG  *8  t*ie  state  neodymium  doped  yttrium-aluminum-garnet  rod 

v laser  failure  rate  in  failuras/lO6  operating  hours. 

rtg  is  the  environmental  application  factor,  and  its  value  is  deter- 

mined from  Table  6.1.1-I. 

XMEDIA  *8  C^e  ^a^ure  rate  contribution  of  the  lasing  media,  and  its 
value  is  0.1  failures/10'  erating  hours  for  Nd:YAG  lasers. 

ApUMp  is  the  failure  rate  contribution  of  the  pumping  mechanism  which, 

for  solid  state  lasers,  is  highly  affected  by  the  flashlamp  or 
flash  tube  contribution  as  well  as  the  power  supply  contribution 
and  can  be  expressed  as: 

X PUMP  “ "e  XPUMP  + X POWER  SUPPLY 
HOURS 

where: 

tie  is  the  environmental  application  factor,  and  its  value 

is  determined  from  Table  6.1.1— I. 

is  the  failure  rate  contribution  of  the  flashlamp  or  flash- 

tube  in  failures/10"  operating  hours,  and  its  value  is 

determined  by  converting  pump  pulses  from  failures  per 

10^  pulses  to  failures/10"  operating 

hours.  The  value  for  A is  determined  as  indicated 

rUMr 

HOURS 

in  Figures  6. 1.5-1  and  6. 1.5-2. 

XPOWER  SUPPLY  is  the  failure  rate  contribution  of  the  laser  power 
supply  electronics,  and  its  value  is  to  be  deter- 
mined by  the  detail  part  stress  analysis  prediction 
method  prescribed  for  electronic  devices  in  the 
appropriate  Sections  of  MIL-HDBK-217 . 

tt  is  the  coupling  cleanliness  factor,  and  its  value  is  to  be  deter- 

mined from  Table  6.1.5-III. 

is  the  active  optical  surface  application  factor  and  its  value  is 
determined  from  Table  6.1.3-V  and  Figure  6. 1.3-1. 


XPUMP 

HOURS 
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Coupling 


x 


AUXILIARY 


is  the  failure  rate  contribution  of  the  laser  coupling 
hardware;  that  is,  lent.es,  mirrors  prisims,  exit  window, 
etc.  Its  value  is  16.3  failures/10°  operating  hours  for 
solid  state  Nd:YAG  lasers. 

is  the  failure  rate  contribution  of  the  auxiliary  cooling 
equipment,  and  its  values  are  to  be  calculated  from  the 
appropriate  item  failure  rates  listed  in  Tabli  6.2-1  and 
in  the  parts  count  method  described  in  Secticn  3.0  of 
MIL-HDBK-217 . 


It  should  be  noted  that  the  solid  state  Nd:YAG  laser  failure  rate 
prediction  model  can  be  rewritten  as: 


XNd:YAG  + (AMEDIA  + APUMP  + "c  *0S 

HOURS 


AC0UPLING^  + AP0WER  SUPPLY  + A AUXILIARY 
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The  empirical  formula  used  to  determine  for  xenon  lamps  Is: 

rUMr 

[ 1 r (lx \ 8-58l  r,  JTr  


xpu«p  - REP  2000  U JT 

HOURS  L J L 
XENON 


COOL  I I jq6  operating-hours 


'PUMP 

HOURS 

XENON 


"COOL 


*Note: 


Is  the  failure  rate  contribution  of  the  xenon  flashlamp  or  flash- 
tube*  in  failures/lO*’  operating  hours.  The  flashlamps  evaluated 
herein  are  standard,  linear  types  used  for  conventional  military 
solid  state  laser  systems. 

is  the  pulse  or  repetition  rate  factor  used  to  convert  from 
failures  per  10^  pulses  to  failures/lO”  operating  hours,  and  its 
value  is  determined  from  Table  6. 1.5-1. 

is  the  flashlamp  or  flashtube  input  energy  per  pulse  in  joules, 
and  its  value  is  determined  from  the  actual  or  design  input  energy 
parameter  except  that  for  input  energy  levels  equal  to  or  less 
than  30  joules  Ej  “ 30. 

is  the  flashlamp  or  flashtube  inside  diameter  xn  millimeters,  and 
its  value  is  determined  from  the  actual  design  parameter  of  the 
flashlamp  utilized. 

is  the  flashlamp  or  flashtube  arc  length  in  inches,  and  its  value 
is  determined  from  the  actual  design  parameter  of  the  flashlamp 
utilized . 

is  the  truncated  pulse  width  in  microseconds,  and  its  value  is 
determined  from  the  actual  design  parameter  of  the  pulse  forming 
network  (PFN)  used  to  pulse  the  flashlamp  or  flashtube.  Pulse 
tails  do  not  affect  reliability,  and  the  maximum  value  of  T is  100 
microseconds  for  any  truncated  pulse  wi'th  exceeding  100  micro- 
seconds. For  shorter  duration  pulses.,  pulse  width  is  to  be 
treasured  at  10  percent  of  the  maxim'- m current  amplitude. 

is  tr<e  cooling  factor  due  to  various  cooling  media  immediately 
surrounding  the  flashlamp  or  flashtube,  and  its  value  is  deter- 
mined from  Table  6.1.5-II. 

Typical  values  for  Xenon  flashlamps  in  military  Nd:YAC  rangefinders 
and  designators  are  Ej  * A0  joules,  d = A millimeters,  L = 2 inches, 
and  T ■ 100  microseconds.  The  repetition  or  pulse  rate  ranges  from 
1 to  20  pps,  and  the  lamps  are  normally  liquid  cooled. 


Figure  6. 1.5-1  Determination  of  XpuMP 

HOURS 


for  Xenon  Flashlamps 


A9 


TABLE  6. 1.5- 1 


Repetition  Rate  Factors,  tt 

Khr 


Repetition  or 
Pulse*  Rate 
(pulses  per  second) 

ii 

REP 

1 

3,600 

5 

18,000 

10 

36,000 

15 

54,000 

20 

72,000 

*Note:  Repetition  rates  for  military  solid  state  lasers 

are  generally  in  the  1 to  20  pps  range.  Repetition 

rates  other  than  shown  have  not  been  observed  and 

corresponding  ir  values  certified. 

Khr 


TABLE  6.1.5-II 
Flashlamp  Cooling  Factors, 


COOLING 

MEDIA 

"cool 

Gas,  Air 

1.0 

Gas,  Inert 

1.0 

Liquid,  Deionized  Water 

O.i 

Liquid,  Water-Glycol 

0.1 

Liquid,  Fluorocarbon 

0.1 
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TABLE  6.1. 5— I I I 
Coupling  Cleanliness  Factor 


CLEANLINESS  LEVEL* 

"c 

Rigorous  cleanliness  procedures, 
equipment,  and  trained  mainte- 
nance personnel.  Plus  bellows 
provided  over  optical  train. 

R 

Minimal  precautions  during  open- 
ing, maintenance,  repair,  and 
testing.  Plus  bellows  provided 
over  optical  train. 

30 

Minimal  precautions  during  open- 
ing, maintenance,  repair,  and 
testing.  bellows  provided 

over  optical  train. 

60 

*NOTE:  Although  sealed  systems  tend  to  be  reliable  once 

compatible  materials  have  been  selected  and  proven, 
extreme  care  must  still  be  taken  to  prevent  the 
entrance  of  particulates  during  manufacturing, 
field  flashlamp  replacement,  or  routine  maintenance/ 
repair.  Contamination  is  the  major  cause  of  solid 
state  laser  malfunction,  and  special  provisions  and 
vigilance  must  continually  be  provided  to  maintain 
the  cleanliness  level  required,  nc  values  can  vary 
from  1 up  to  60. 
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The  emperical  formula 


used  Co  determine 


*PUMP  ^or  KfyPton  lamP  18 : 
HOURS 


^PITfcfP  ■ 

(0  9 — ) 

failures 

ruPlr 

HOURS 

625  1010'9  L ' 

_ J m 

COOL  lo^operating-hours 

KRYPTON 


where : 


XPUMP 

HOURS 

KRYPTON 


la  the  failure  rate  contribution  of  the  krypton  flashlamp  or  flash- 
tube  in  failures/lC”  operating  hours.  The  flashlamps  evaluated 
herein  are  the  continuous  wave  (CW)  type  and  afc  roost  widely  used 
for  commercial  solid  state  applications.  They- are  approximately 
7mm  in  diameter  and  5 to  6 inches  long.  Average  power  is 
typically  4 KW. 


P is  the  average  input  power  in  kilowatts,  and  its  value  is 
determined  from  the  actual  design  parameter  for  the 
flashlamp  utilized. 


L is  tue  flashlamp  or  flashtube  arc  length  in  inches,  and 
its  value  is  determined  from  the  actual  design  parameter 
of  the  flashlamp  utilized. 


COOL  is  the  cooling  factor  due  to  various  cooling  media 
imnediately  surrounding  the  flashlamp  or  flashtube, 
and  its  value  is  determined  from  Table  6.1.5-II. 


Figure  6. 1.5-2  Deteri.  ination  of  for  Krypton  Flashlamps 

HOURS 
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6.1.6  Solid  State,  . y Rod  Lasers 

XRUBY  “ "E  AMEDIA  + APUMP  + "e  1!C  "OS  ACOUPLING  + AAUXILIARY 


ARUBY  state  ruby  rod  laser  failure  rate  in  failure/10^ 

operating  hours 

it  is  the  environmental  application  factor,  and  its  value  is 

determined  from  Table  6.1.1-I. 


MEDIA 


is  the  failure  rate  contribution  of  the  pumping  mechanism  in 
failures/lO^  operating  hours,  and  its  value  is  <letermined  by 
converting  from  failures  per  10°  pulses  to  failures/10^  operating 
hours.  The  value  for  ^^EDIA  i®  determined  as  indicated  in  Figure 
6. 1.6-1. 


APUM1  i®  t^e  ^a^-*-ure  rate  contribution  of  the  pumping  mechanism  which 

for  solid  state  lasers  is  highly  affected  by  the  flashlamp  or 
flashtube  contribution  as  well  as  the  power  supply  contribution 
and  can  be  expressed  as: 


apump  " "e  77 pump  + "power  supply 

HOURS 


where : 

n£  is  the  environmental  application  factor,  and  its  value 
is  determined  from  Table  6.1.1-I. 

APUMP  is  the  failure  rate  contribution  of  flashlamp  or 

HOURS  flashtube  in  failures/10^  operating  hours,  and  its 

value  is  determined  by  converting  from  failures  per 

10^  pulses  to  failures/10b  operating  hours.  The  value 

for  is  determined  as  indicated  in  Figures 

PUMP 

HOURS 

6.1.r>-l  or  6. 1.5-2  as  applicable. 


AP0WER  SUPPLY  t*ie  iailure  rate  contribution  of  the  laser  power 

supply  electronics,  and  its  value  is  to  be  determined 
by  the  detail  part  stress  analysis  prediction  method 
prescribed  for  electronic  devices  in  the  appropriate 
Sections  of  MIL-HDBK-217. 
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is  the  coupling  cleanliness  factor,  and  its  value  is  to  be  deter- 
mined from  Table  6.1.5-111. 


itQg  is  the  active  op  ical  surface  application  factor,  and  1 i value 

J is  determined  from  Table  6.1.3-IV  and  Figure  6. 1.3-1. 

^COUPLING  *S  fa**ure  rate  contribution  of  the  laser  coupling  hardware; 

that  is,  lenses,  mirrors,  prisms,  exit  windows,  etc.  Its  value 
is  16.3  failures/10b  opera-irg  hours  for  solid  state  ruby  lasers. 

^AUXILIARY  t*ie  fflHure  rate  contribution  of  the  auxiliary  cooling  equip- 
ment, and  its  values  are  to  be  calculated  from  -the  appropriate 
item  failure  rates  listed  in  Table  6.2-1  and  the  parts  count 
method  described  in  Section  3.0  of  MIL-HDBK-217 . 

It  should  be  noted  that  the  solid  state  ruby  failure  rate  predic- 
tion model  can  be  rewritten  as: 


*E  (XMEDIA  + XPUMP 
HOURS 


+ *C  "OS  AC0UPLING^  X POWER  SUPPLY  + X AUXILIARY 


The  empirical  formula  used  to  determine  A is: 

MEDIA 


MEDIA 


[v-p][43-5  f2'52 


failures 

10^  operating-hours 


is  the  pulse  or  repetition  rate  factor  used  to  convert  from  failures/ 
10^  pulses  to  failures/10”  operating  hours,  and  its  value  is  deter- 


mined from  Table  6.x. 5-1. 


is  the  energy  density  in  Joules  per  centimeter  over  the  cross 
sectional  area  of  the  laser  beam  which  is  nominally  equivalent  to 
the  cross  sectional  area  of  the  laser  rod,  and  its  value  is  deter- 
mined from  the  actual  design  parameter  of  the  laser  rod  utilized. 
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6.1.7 
6. 1.7.1 
Given. 

Step  1 


Step  2 


Examples  of  Laser  Failure  Rate  Prediction 

Example  of  Failure  Rate  Calculation  for  He/Ne  Lasers 

A helium  neon  laser  device  to  be  used  in  a military  ground 
mobile  application. 

The  failure  rate  model  of  Section  6.1.1  applies: 

AHe/Ne  84  *1  "e  + XPOWER  SUPPLY' 

From  Table  6.1.1-I,  tt  = C = 5.0. 

t M 


Step  3 


Step  4 


Calculate  *powER  SUppLY: 

Prepare  a part  str  ss  failure  rate  estimate  per  appropriate 
Sections  of  MIL-HDBK-217  based  on  the  detailed  power  supply 
parts  list,  including  part  description,  quality,  electrical 
stress,  thermal  stress,  and  other  applicable  influence  factors 
and  base  failure  rates.  Such  an  analysis  might  yield  a A power 
supply  of  165.6  failures/10^  operating  hours  in  a ground  mobile 
application. 

Calculate  »He/Ne: 


XHe/Ne  * 84 -1  "E  + XP0WER  SUPPLY 
*=  84.1  (5)  + 165.6 

= 586.1  failures/108  hours  in  a ground  mobile  application. 
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6. 1.7. 2 
Given : 


Find : 

Step  1 - 

A 

Nd :YAG 

Step  2 
Step  3 - 

Step  4 - 


Example  of  Failure  Rate  Calculation  and  Reliability  Prediction 
for  a Solid  State,  Nd:YAC  Rod  Laser 


A military  aircraft  carried  Nd:YAG  laser  designator  utilizing 
a Xenon  flashlamp  which  is  cooled  by  a eutectic  water-glycol 
solution.  Design  parameters  include: 


Pulse  or  Repetition  Rate 
Flashlamp  input  energy  (per  pulse) 
Flashlamp  inside  diameter 
Flashlamp  arc  length 
Pulse  width  (including  both  tails) 
Optical  train  enclosed  in  bellows. 


10  pps 
30  joules 
4 millimeters 
2 inches 

120  microseconds 


In  addition,  strict  field  maintenance,  repair,  and  test  procedures 
will  be  written,  validated,  and  provided  for  use  by  trained  spe- 
cialists 'n  appropriately  clean  and  controlled  facilities. 


Airborne  cailure  rate  (^Nd : YAG^  anc*  probability  of  success! ully 
completing  a one  hour  operational  mission. 


The  failure  rate  model  of  Section  6.1.5  applies: 


Mamedia+  apump 

HOURS 


+ *c  "os  acoupling)  +> power  supply+aauxiliary' 


From  Table  6.1.1-I,  7r„  = AT  = 5.0. 

E I 

From  Paragraph  6.1.5,  A =0.1  failures/10^  operating  hours 

for  solid  state  Nd:YAG  lasers. 

Calculate  ^ninm  for  Xenon  flashlamps  from 
rUMr 

HOURS 


apuhp 

HOURS 

XENON 


8.58 


REP 


2000 


dL/f~ 


COOL 
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From  the  given  design  parameters  and  Figure  6. 1.5-1  notes: 

4,  - E.  - 30  joules 

b j 

d ■ 4 ram 

L - 2 in 

T * 100  us  (refer  to  Figure  6. 1.5-1) 


4 - From  Table  6.1.5-II,  nrnn.  m 0.1  for  Liquid,  Water-Glycol 

cooling  media. 


XPUMP  " (36’°°0) 
HOURS 
XENON 


2000 


(~ ) 

\ 4x2/100  / 


8.58 


(0.1) 


1,591  failures/10  operating  hours 


Step  5 - From  Table  6.1.5-III,  = 1 for  the  most  stringent  cleanliness 

level  (as  is  specified). 


Step  6 - From  Table  6. 1.3- IV  and  Figure  6. 1.3-1,  ’etermine  Tig,,: 

6a  - Make  parts  list  and  count  of  optical  train: 

(1)  One  totally  reflective  (TR)  mirror 

(2)  One  Prismatic  "Q"  Switch 

(3)  One  partially  reflective  (PR)  mirror 

(4)  One  exit  lens  or  window 

6^  - Determine  active  optical  surfaces: 

(1)  One  TR  mirror  = 1 

(2)  One  "Q"  Switch  *»  2 

(3)  One  PR  mirror  **  2 

(4)  One  exit  lens  ■ 2 

Active  Optical  Surfaces  = 7 total 

6 - From  Table  6.1.3-IV,  ir„c  = 7 

c OS 

Step  7 - From  Paragraph  6.1.5,  ^COUPLING  = lb-3  failures/10^  operating 

hours  for  solid  state  Nd:YAG  lasers. 
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Step  ft  - Calculate  A 


POWER  SUPPLY" 

Prepare  a part  stress  failure  rate  estimate  per  appropriate 
Sections  of  MIL-HDBK-217  based  on  the  detailed  power  supply 
parts  list,  Including  part  description,  quality,  electrical 
stress,  thermal  stress,  and  other  applicable  influence  factors 
and  base  failure  rates.  Table  4.11-1  is  just  such  an  analysis 
for  an  airborne  Nd:YAG  laser  power  supply:  utilizing  this  pre- 
diction *poWER  SUppLY  ” *49.4  failures/10°  operating  hours. 


Step  9 - Calculate  A 


AUXILIARY 


Make  parts  list  and  count  of  auxiliary  items.  (Cooling  only; 
Gas  regulation  not  applicable).  Assign  item  failure  rates 
obtained  from  Table  6.2-1  or  RADC-TR-74-268  and  sum: 

(1)  One  Hydraulic  Pump,  Coolant  649.5/10^ 

(2)  One  Heat  Exchanger  2.8/10^ 

(3)  Tubes,  Coolant  600.0/106 


L - l,252.3/10c 


Step  10 


^COOLING  SYSTEM 
Calculate  XNd;YAG  = 


1,252.3  failures/10D  operating  hours 


Nd :YAG 


1TE(AMEDIA+  XPUMP  + *C  n0S  *C0UPLING^  + ^POWER  SUPPLY  + AAUXILIARY 
HOURS 

(5)[o,l/106  + 1.591/106  + (1) (7) (16 . 3/106)]  + 149.6/106  + 1,252.3/106 
9,927.9  failures/10^  operating  hours 


Step  11  - Calculate  reliability,  assuming  the  exponential: 

The  probability  of  successfully  completing  a one  hour  mission 
would  be: 


-At  -(9,9 27.9/10  ) (1) 
^S(one  hour)  R e e 


0.990 


Note:  This  value  is  in  very  close  agreement  with  the  observed  operational 

reliability  for  a similar  system. 
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6.2 


Laser  Item  Failure  Rates 


System  math  models  for  the  more  commonly  deployed  laser  systems 
are  given  in  Section  6.1  and  should  be  used  for  normal  military  applications. 
Reliability  models,  however,  for  some  research  type  lasers  or  other  special 
type  lasers  are  not  given  in  Section  6.1.  Reliability  predictions  for  these 
low  population  laser  device  types  can  be  calculated  using  the  item  failure 
rate  data  in  Table  6.2-1  and  the  functional  parts  building  block  method  de- 
scribed in  Section  3.0  of  MIL-HDBK-217 

The  item  failure  rate  information  contained  in  Table  6.2-1  is 
based  on  a composite  average  computed  from  field  data  observed  in  the 
ground  and  aircraft  environments  for  several  different  kinds  of  lasers 
operated  at  various  power  levels.  Predictions  resulting  from  these  generic 
type  of  data  should  not  be  completely  expected  to  agree  with  the  more  rig- 
orous methods  given  in  Section  6.1. 

The  failure  rate  data  of  Table  6.2-1  will  also  be  useful  for  making 
preliminary  estimates  when  complete  stress  data  are  not  available,  such  as 
during  concept  formulation  or  early  design  phases.  The  initial  prediction 
thus  made  should  be  updated  and  revised  by  the  more  rigorous  methods  of 
Section  6.1  as  detailed  design  information  is  made  available. 

The  failure  rate  for  any  items  for  which  zero  failures  were  observed 
is  a point  estimate  calculated  as  a function  of  total  item-hours  and  the  Chi- 
Square  (x2)  value  obtained  from  the  upper  single-sided  60  percent  confidence 
level  at  two  degrees  of  freedom.  The  90  percent  two-sided  confidence  limits 
have  been  calculated  and  shown  for  all  items  for  which  one  or  more  failures 
were  observed.  This  has  been  done  because  the  magnitude  (item-hours)  of  the 
laser  data  bases  is  much  smaller  than  those  available  for  conventional  elec- 
tronic parts  and  components. 

When  a failure  rate  cannot  directly  be  established  from  field  data 
on  an  laser  item  of  special  interest,  a failure  rate  can  be  synthesized  from 
another  laser  item  which  is  similar  in  function,  construction,  and  application. 
For  instance,  the  general  mirror  failure  rate  is  listed  in  Table  6.2-1  as  an 
average  expected  value  of  18.4  failures  per  million  hours.  To  establish  a 
failure  rate  for  an  etalon  mirror,  one  might  assume  item  similarity  in  func- 
tion, construction,  and  application  and  presume  and  assign  a value  of  18.4 
also.  This  value  may  be  adjusted  because  of  mitigating  stresses  or  condi- 
tions within  the  band  of  10. S and  29.2  failures  per  million  hours  as  defined 
by  the  Lower  Confidence  Limit  (LCL)  and  Upper  Confidence  Limit  (UCL). 

All  observed  failures  in  Table  6.2-1  are  catastrophic  failures 
except  lamps  and  lasers  which  are  a mixture  of  catastrophic  and  end-of- 
life;  i.  e.,  degradation  of  a magnitude  which  precluded  proper  operation 
as  defined  by  the  system  specification. 
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TABLE  6.2-1 

SUMMARY  OF  DATA  COLLECTED  BY  LASER  ITEM 


LASER  ITEM  DESCRIPTION 

OBSERVED 

ITEM 

FAILURES 

S'  ITEM-HOURS 
o OR 

J*  ITEM-PULSES* 

FAILURE  RATE  (X) 

P FAILURES  1 

Lo6  hours  or  pulsesd 

Anode,  gas  laser 

0 

0.078 

■ 

Bellows,  dust  protective 

3 

0.040 

75.0 

20.5 

193.7 

Cathode,  gas  laser 

0 

0.048 

19.1 

— 

— 

Cavity,  elliptical 

3 

0.167 

18.0 

4.9 

46.5 

Crystals,  various* 

2 

0.009* 

222.2* 

39.5* 

700.0 

pulses 

De-Ionizer,  coolant  system 

0 

0.154 

6.0 

— 

Dye,  laser 

2 

0.001 

1923.1 

341.8 

Dye,  laser* 

0 

0.450* 

2.0* 

■ 

pulses 

Electrode,  general 

0 

0.093 

9.8 

B 

Filament,  gas  laser 

0 

0.001 

909.6 

^9 

B 

Filter,  gaseous,  coolant  system 

Use  & 

DC- TR-  75-22*' 

k 

Filter,  liquid,  coolant  system 

Use  Rj 

DC-TR-75-22** 

r 

Filter,  exit 

2 

0.002 

878.7 

156.2 

2768.0 

Flowmeter,  gas 

2 

0.033 

60.6 

10.8 

190.9 

Fitting,  hydraulic 

Use  R> 

DC-TR- 75-22* 

t 

Gasket,  coolant  system 

Use  R i 

DC-TR- 75-22*< 

t 

Grating,  diffraction 

o 

0 065 

1 A 1 

Heat  exchanger 

Use  FJ 

DC-TR- 75-22*' 

k 

■ 

;; 

Lamp,  krypton  linear 

Refe 

r to  Table 

mm 

nn  ' ' 

B 

* Indicates  Pulses 

**  AD-005657 
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TABLE  6.2-1  (continued) 
SUMMARY  OF  DATA  COLLECTED  BY  LASER  ITEM 


LASER  ITEM  DESCRIPTION 

OBSERVED 

ITEM 

FAILURES 

« 

</>  i/> 

PC  UJ 

•_>  10 

0 -J 

X '_•> 

1 PC  O. 

5 0 r. 

H uJ 

M-4  H 

(xlO6) 

FAILURE  RATE  (X) 

I-  FAILURES 

10^  hours  or  pulses* 

EXPECTED 

UCL 

Lamp,  tungsten  halogen 

Refer 

to  Table 

6.3-1 

Lamp,  xenon  helical* 

14 

1.677* 

8.3* 

5.0* 

13.1* 

pulses 

1 

Lamp,  xenon  linear 

Refer 

to  Table 

1 

6.3-1 

Laser,  argon 

Refer 

to  Section 

6.1 

Laser,  CO2 , flowing 

Refer 

to  Section 

6.1 

Laser,  CO2,  sealed 

Refer 

to  Section 

6.1 

Laser,  gyro 

1 

0.027 

36.5 

1.9 

173.0 

Laser,  helium/cadmium 

3 

0.040 

75.4 

■20.6 

194.7 

Laser,  helium/neon 

Refer 

Lo  Section 

6.1 

Laser,  heterojunction  GaAs 

26 

3.567 

7.3 

5.1 

10.1 

Laser,  krypton  ion 

1 

0.005 

198.4 

10.2 

941.5 

Laser,  ruby 

Refer 

.0  Section 

6.1 

Laser,  TEA 

10 

0.039 

25o.4 

139.7 

434.6 

Laser,  YAG 

Refer 

to  Section 

6.1 

Lens,  optical  instrument 

8 

0.045  : 

177.6 

88.4 

320.8 

* Indicates  Pulses 
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TABLE  6.2-1  (continued) 
SUMMARY  OF  DATA  COLLECTED  BY  I.ASF.R  ITEM 


LASER  LTEM  DESCRIPTION 

OBSERVED  - 
ITEM 

FAILURES 

npfl 

FAILURE  RATE  (A) 

I"  FAILURES  1 

10  Hours  or  pulses* **! 

EXPECTED 

UCl 

Mirrors,  general 

0.706 

18.4 

10.9 

29.2 

Mounts,  general 

0 

0.011 

85.2 

— 

Optical  devices,  mlsc. 

1 

0.016 

61.1 

3.1 

289.7 

O-Ring,  coolant  system 

Use  ft 

DC-TR- 75-22* 

ft 

Pockels  cell  ("Q"-switch  E/0) 

2 

0.003 

579.5 

103.0 

.825.5 

Prisms,  general 

10 

0.010 

1046.9 

570.6 

L774.5 

Pumps , coolant 

Use  ft 

DC-TR-75-22*< 

Pumps,  vacuum 

Use  1J 

DC-TR- 75-22* 

Dr 

"Q"-switch,  A/0 

2 

0.161 

12.4 

2.2 

39.0 

"Q"-switch,  E/0 

See  P< 

ckels  cell 

"Q"-switch,  rotating 

3 

0.002 

1318.1 

360.3 

Regulator,  pressure,  gas 

Use  ft 

DC-TR- 75-22* 

k 

Rod,  Nd: Glass* 

0 

0.100* 

9.2* 

— 

— 

pulses 

Rod , ruby* 

10 

3.260* 

3.1* 

1.7* 

5.2* 

pulses 

Rod,  YAG,  CW 

0 

0.164 

5.6 

— 

— 

Rod,  YAG* 

9 

524.1* 

0.02* 

0.01* 

0.03* 

pulses 

* Indicates  Pulses  62 
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TABLE  6.2-1  (continued) 
SUMMARY  OF  DATA  COLLECTED  BY  LASER  ITEM 


LASER  ITEM  DESCRIPTION 


« 

t/1  01 

c*  w 

q w p vi 

W W OP 

> V pi  X P 

06  U 5 I OC  cu 

W H P SOI 

to  M M LI  £ 

pq  < H W 

O L.  P H 


FAILURE  RATE  (X) 


FAILURES 

10^  hours  or  puises* 


(xlO  ) I EXPECTED 


Seal,  coolant  system 
Seal,  epoxy 
Spark  gap* 


Tube,  gas  general 

Tubes,  coolant  system 

(hose  and  fittings) 

Valve,  pneumatic,  vacuum 

Window,  Brewster 


DC-TR- 75-22** 

0.078 

144.986* 

pulses 

0.260 


0.015 


25.6  4.6  80.8 

0.03*  0.01*  0.06* 


169.1  I 129-6  1217.5 


600.0  313.0  1046. 


Use  kADC-TR- 75-22** 


0.691 


43.3  31.2  58.9 


* Indicates  Pulses 
**  AD-005657 
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6.3  Laser  Life  Characteristics 

The  laser  life  characteristics  summarized  in  Table  6.3-1  have  been 
obtained  basically  from  users  who  operated  lasers  in  field  environments.  This 
table  has  been  supplemented  to  include  manufacturers'  information  derived  from 
lasers  returned  for  warranty  repairs  or  replacement. 

Failure  definition  has  been  expressed  as  a percent  of  output  power 
degradation.  A range  has  been  shown  because  of  the  variation  within  laser 
device  families,  and  certain  applications  are  not  as  sensitive  to  degradation 
as  are  others.  The  reliability  models  in  Section  6.1  are  derived  from  the 
average  of  this  range.  The  data  base  from  controlled  experiments  was  not 
sufficiently  large  to  construct  curves  of  degradation  versus  derating  or  the 
several  other  pertinent  influence  factors  which  effect  end-of-life. 

Sealed  gas  lasers  are  typically  operated  at  from  100  to  50  percent 
of  rated  power.  CW  laser  lamps  are  usually  operated  at  full  power,  while  the 
xenon  flashlamps  in  military  designators/rangefinders  are  derated  to  between 
10  to  20  percent  of  the  energy  which  will  cause  the  tube  to  explode.  Addi- 
tional tests-to-failure  would  be  necessary  to  determine  mean-operating-life 
for  laser  diodes  and  TEA  lasers. 

The  mean-life  values  for  lasers  were  derived  primarily  from  manu- 
facturer test-to-failure  data  and  warranty  information.  Lamp  life  was 
calculated  from  user  operational  data  and  from  manufacturer's  life  tests. 

The  reliability  models  are  valid  for  the  entire  useful  life  span  of  a 
laser  system;  however,  they  do  not  attempt  to  predict  the  effect  of  preventive 
maintenance  such  as  flashlamp  replacement  prior  to  wearout . In  actual  mili- 
tary practice,  flashlamps  are  not  replaced  unless  a preflight  checkout 
indicates  that  this  maintenance  action  is  required  because  of  low  output 
power. 
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* = Insufficient  units  tested  to  failure  to  determine  end-of-life  (refer  to  Table  6.2-1  for  X.) 

b 

N.A.  * Not  applicable 

"*■+  = Excluding  optics  failures,  typical  optics  life  = 10^  pulses  at  high  energy  levels 


7.0  CONCLUSIONS  AND  RECOMMENDATIONS 


7.1  Concluaions 

Martin  Marietta  has  thoroughly  conducted  and  successfully  con- 
cluded the  RADC  sponsored  program,  "Laser  Reliability  Prediction,"  Contract 
F30602-74-C-0091 . 

More  than  10  million  Item-hours  and  4 billion  item-pulses  of 
operating  data  have  been  collected  from  all  sources.  This  data  base  has 
been  used  to  prepare  a future  update  for  the  existing  laser  information 
in  Section  2.4  of  MIL-HDBK-217B. 

Laser  reliability  characteristics  (Table  4.0-1)  have  been 
summarized  in  one  convenient  report.  This  includes  design  parameters, 
manufacturing  burn-in  and  warrantee  information,  application  notes,  and 
common  failure  modes.  Additionally,  in  depth  discussion?  on  Argon  Ion, 
Flowing  CO2,  Sealed  CO2,  Dye,  Helium/Cadraium,  Helium/Neon,  Heteroj unction 
GaAs  Injection,  TEA,  Solid  State  Lasers,  and  their  major  components  have 
been  provided. 

It  has  been  necessary  to  assume  an  exponential  failure  distribu- 
tion for  the  components  covered  by  this  study.  This  Is  due  to  a pronounced 
lack  of  time- to-failure  data  on  most  lasers  thus  precluding  determination 
of  the  exact  failure  distribution  of  each  device. 

Quality  grades  are  not  well  defined  for  most  laser  components. 
Therefore,  to  categorize  these  components  to  some  quality  grading  scale 
would  require  extensive  searching  through  component  specifications  and 
drawings.  Data  contributors  are  generally  reluctant  to  incur  large  expendi- 
tures to  further  refine  the  data  and  information  that  they  provide  free  of 
charge.  They  are  also  hesitant  to  allow  visitors  unrestricted  access  tc 
their  detailed  records.  Therefore,  quality  levels  for  most  laser  items  have 
not  been  included  in  this  study.  The  basic  assumption  made  is  that  the 
combined  data  reflects  average  failure  rates  for  items  over  the  quality  grade 
spectrum  specified  for  and  used  in  most  military  equipment. 

Using  the  limited  quantity  of  time-to-failure  data  available, 
Ueibull  analyses  were  performed  to  obtain  estimates  of  the  failure  distri- 
butions. The  results  indicated  that  some  helium/neon  tubes  may  exhibit  a 
constant  failure  rate,  and,  in  some  cases,  a decreasing  failure  rate  prior 
to  the  wearout  (increasing  failure  rate)  period.  Therefore,  the  assumption 
of  an  exponential  distribution  may  provide  reasonable  estimates  of  the  relia- 
bility. More  effort  is  needed  in  this  area  before  definite  conclusions  can 
be  drawn  as  this  analysis  was  based  on  only  a small  amount  of  data. 
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Laser  system  failure  rate  prediction  models  have  been  defined, 
quantified,  and  validated  on  six  laser  families  — helium/neon,  argon  ion, 

CO2  sealed,  CO2  flowing,  solid-state  Nd:YAG,  and  solid-state  ruby.  Section 

6.1  presents  these  models  and  explains  their  use  and  limitation. 

For  low  population  and  research  type  lasers,  laser  item  failure 
rates  have  been  provided.  Thus,  by  utilizing  these  data  and  a part  count 
reliability  prediction  method,  failure  rate  estimates  on  these  one  or  two- 
of-a-kind  lasers  can  be  made.  Section  6.2  contains  this  information. 

The  laser  life  characteristic  data  of  Table  6.3-1,  which  have 
been  collected  during  this  study,  were  compared  to  the  existing  information 
in  Section  2.4  of  MIL-HDBK-217B.  Significant  increases  in  average  lifetime 
have  been  noted  for  both  helium/cadmium  and  sealed  CC>2  lasers.  These  data 
indicate  that  reliability  growth  has  been  taking  place,  and  the  state-of- 
tno  art  is  still  improving 

7.2  Recommendations 

The  following  recommendations  are  submitted  for  consideration 
and  possible  implementation: 

_1  A concerted  effort  should  be  made  to  generate  and  collect 
more  time-to-f allure  data  on  laser  components.  Consideration  should  be 
given  to  the  feasibility  of  restructuring  or  of  incorporating  the  means 
by  which  large  quantities  of  time-to-failure  data  can  be  collected  through 
existing  military  data  collection  systems.  This  type  of  data  is  required 
to  more  fully  understand  laser  failure  distributions. 

1_  Additional  studies  should  be  made  to  determine  the  failure 
rate  versus  stress  relationships  for  applicable  laser  components.  In  many 
cases  the  data  collected  during  this  study  were  not  complete  enough  to 
accurately  determine  these  relationships.  Extensive  research  and  study 
would  be  required  to  obtain  such  data. 

3^  Section  2.4  of  MIL-HDBK-217B  should  be  updated  and  revised 
approximately  every  two  years.  This  would  promote  retention  and  analysis 
of  field  data  on  a current  basis.  Much  data  that  are  over  two  years  old 
are  either  lost  or  thrown  away,  and  the  data  of  this  vintage  which  can  be 
obtained  are  sometimes  difficult  to  trace.  In  addition,  changes  in  the 
state-of-the-art  would  be  reflected  on  a timely  basis. 

The  benefits  of  a low  key  effort  to  collect  laser  reliability 
data,  when  and  as  it  is  generated,  should  be  investigated.  In  the  study  just 
completed,  a growing  tendency  has  been  noted.  This  tendency  is  a reluctance, 
on  the  part  of  major  military  systems  contractors,  to  furnish  uncontracted 
for  data  free  of  charge.  This  is  due  to  material  and  manpower  costs  incurred 
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by  them  in  reconstructing  or  resorting  past  or  present  applicaole  data  and 
not  receiving  monetary  compensation  for  the  added  scope.  This  reluctance 
is  further  heightened  by  current  cutbacks  in  military  defense  spending  which 
directly  results  in  purse-string  tightening  on  the  part  of  private  contractors. 

5^  A separace  effort  should  be  initiated  to  update  the  proposed 
failure  rate  prediction  models  for  laser  components  co  be  incorporated  in 
MIL-HDBK-217B.  This  effort  would  include  a specialized  data  collection  pro- 
gram, data  analysis,  and  mathematical  modeling. 
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APPENDIX  A 

LIST  OF  DATA  SOURCES 
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UNITED  STATES 
NONGOVERNMENT 


Advanced  Kinetics,  Inc. 

Costa  Mesa,  CA 

American  Laser  Corporation 
Winter  Park,  FL 

American  Laser  Systems 
Goleta,  CA 

American  Optical  Company 
Keene,  NH 

American  Optical  Corporation 
Buffalo,  NY 

Apollo  Lasers 
Los  Angeles,  CA 

Aremco  Products 
Ossining,  NY 

ARO,  Incorporated 

Arnold  Air  Force  Station,  TN 

Atomerglc  Chemical 
Carle  Place,  NY 

AVCO  - Everett 
Everett,  MA 

Bell  Telephone  Laboratories 
Murray  Hill,  NJ 

Bell  Telephone  Laboratories 
Holmdel,  NJ 

Block  Engineering,  Incorporated 
Cambridge,  MA 

Britt  Corporation 
Los  Angeles,  CA 


Burleigh  Instruments,  Inc. 

East  Rochester,  NY 

Carson  Astonomlcal  Instruments,  Inc. 
Valencia,  CA 

Ceramaseal > Incorporated 
New  Lebanon,  NY 

Chromatrlx 
Mountain  View.,  CA 

Cleveland  Crystals 
Euclid,  OH 

Coherent  Radiation 
Palo  Alto,  CA 

Colorado  State  University 
Fort  Collins,  CO 

Consolidated  Ceramics 
Hampton,  NJ 

Cord In  Company 
Salt  Lake  City,  UT 

Corning  Glass  Works 
Coming,  NY 

Crystal  Technology,  Incorporated 
Mountain  View,  CA 

Data  Optics 
Ylpsllantl,  MI 

Datallght 
Bloomfield,  CT 

Davidson  Optronics,  Inc. 

West  Covina,  CA 
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Dement  Labs 
Portland,  OR 

Fraser-Volpe  Corporation 
Warrington,  PA 

Denton  Vacuum 
Cherry  Hill , NJ 

GCO,  Incorporated 
Plymouth,  MI 

Digalab 
Cambridge,  MA 

General  Electric  Company 
Cincinnati , OH 

Dltrlc  Optics,  Incorporated 
Marlboro,  MA 

General  Laser  Corporation 
Natick,  MA 

Donnelly  Mirrors 
Holland,  MI 

General  Photonics  Corporation 
Santa  Clara,  CA 

Dow  Chemical  Corporation 
Freeport,  TX 

Grayco  Optical  Corporation 
Lindhurst,  NY 

EG&G,  Incorporated 
Salem,  MA 

3TE  Syl vania 
Mountain  View,  CA 

Electro  Optical  Industries 
Santa  Barbara,  CA 

GTE  Syl vania 
Waltham,  MA 

Electrophysics  Corporation 
Nutley,  NJ 

Hadron,  Inc. 
Yonkers,  NY 

Energy  Sciences,  Incorporated 
Burlington,  MA 

Hallicrafters  Company 
Rolling  Meadows,  IL 

Energy  Technology,  Inc. 
San  Luis  Obispo,  CA 

Harris  Electronics 
Melbourne,  FL 

ESCO  Products 
Oakrldge,  NJ 

Harris  Manufar*  iring  Company 
North  Billerica,  MA 

Evaporated  Coatings,  Inc. 
Huntington  Valley,  PA 

Harshaw  Chemical  Company 
Solon,  OH 

Evaporated  Metal  Films,  Inc. 
Ithaca,  NY 

Hel lotek 
Valencia,  CA 

Fairchild  Semiconductor 
Mt.  View,  CA 

Holobeam,  Incorporated 
Paramus,  NJ 
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Honeywell  Incorporated 
St.  Paul,  MN 

Honeyw  '1  Incorporated 
Waltha.i,  MA 

Hoya  Optics  USA 
Menlo  Park,  CA 

Hughes  Aircraft  Company 
Culver  City,  CA 

Hughes  Research  Labs 
Malibu,  CA 

Hughes  Industrial  Products  Division 
Oceanside,  CA 

Hughes  Aircraft  Company 
Torrance,  CA 

Hutson  Corporation 
Arlington,  TX 

IBM  Corporation 
Gaithersburg,  MD 

ILC  Technology,  Inc. 

Sunnyvale,  CA 

Illumination  Industries,  Inc. 
Sunnyvale,  CA 

International  Laser  Systems,  Inc. 
Orlando,  FL 

Image  Information 
Monsey,  NY 

Ionics,  Incorporated 
Watertown,  MA 

Isomet  Corporation 
Oakland,  NJ 


Itek  Corporation 
Lexington,  MA 

Jodon  Engineering 
Ann  Arbor,  MI 

Kemllte  Labs,  Incorporated 
Chicago,  IL 

Klinger  Scientific 
Applications  Corp. 

Jamaica,  NY 

KMS  Industries 
Van  Nuys , CA 

Korad 

Santa  Monica,  CA 

Laboratory  Optical  Company 
Plainfield,  NJ 

Laser  Comp.  Systems  Corporation 
Hamden,  CT 

Laser  Consultants,  Incorporated 
Huntington,  NY 

Laser  Diode  Labs 
Metuchen,  NJ 

Laser  Energy,  Incorporated 
Rochester,  NY 

Laser  Image  Systems 
Mountain  View,  CA 

Lasermatlon,  Incorporated 
Philadelphia,  PA 

Laser  Optics,  Incorporated 
Danbury,  CT 

Laser  Precision  Corporation 
Yorkville,  NY 
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Lansing  Research  Corporation 
Ithaca,  NY 

Laser  Sciences 
Bethel , CT 

Lawrence  Livermore  Laboratory 
Livermore,  CA 

Lenox  Instrument 
Philadelphia,  PA 

Lexel  Corporation 
Palo  Alto,  CA 

Liberty  Mirror 
Brackenridge,  PA 

Liconix 

Mountain  View,  CA 

Lockheed  MSD 
Huntsville,  AL 

Lockheed  Palo  Alto  Research  Lab 
Palo  Alto,  CA 

Lockheed  SSD 
Sunnyvale,  CA 

Martin  Marietta  Aerospace 
Denver,  CO 

Martin  Marietta  Aerospace 
Orlando,  FL 

Maxwell  Labs 
Sandlego,  CA 

McCowan  Laboratories 
Tempe,  AZ 

McDonnell  Douglas 
St.  Louis,  MO 


McDonnell  Douglas  Electronics  Co. 
St.  Charles,  MO 

McDonnell  Douglas  Research  Lab 
Huntington  Beach,  CA 

MERET  Incorporated 
Santa  Monica,  CA 

Metrologic  Instruments,  In... 
Bellmawr,  NJ 

Microcoatings,  Incorporated 
Burlington,  MA 

MIT  Lincoln  Labs 
Lexington,  MA 

Motorola  I/C  Center 
Mesa,  AZ 

Neslab  Instruments,  Inc. 
Portsmouth,  NH 

New  England  Laser  Corporation 
North  Billerica,  MA 

J.  A.  Noll  Company 
Monroeville,  PA 

Northeast  Scientific  Corporation 
Acton,  MA 

Optical  Coating  Lab.,  Inc. 

Santa  Rosa,  CA 

Optical  Industries 
Costa  Mesa,  CA 

Optical  Systems  & Technology,  Inc. 
Bedford,  MA 

Optics  International 
Tenafly,  NJ 
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Optics  Technology,  Inc. 

Redwood  City,  CA 

Optimatlon,  Incorporated 
Concord,  MA 

Owens-Illinois  Technical  Center 
Toledo,  OH 

Pacific  Optical 
Los  Angeles,  CA 

Perkin  Elmer  Corporation 
Norwalk,  CT 

Philips  Metaionics 
Lewiston,  ME 

Photon  Sources 
Livonia,  MI 

Pratt  & Whitney  Aircraft 
West  Palm  Beach,  FL 

Precision  Instruments 
Santa  Clara,  CA 

Precision  Optics,  Inc. 

Eatontown,  NJ 

PSR,  Incorporated 
Oak  Ridge,  TN 

Quantronlx  Corporation 
Smlthtown,  NY 

Raytheon  Laser  Development  Center 
Waltham,  MA 

RCA  Laboratories 
Lancaster,  PA 

Recognition  Systems,  Inc. 

Van  Nuys,  CA 


Reich  Associates,  Inc. 

Plans,  TX 

Republic  Lens  Company 
Bronx,  NY 

Rockwell  International 
Anaheim,  CA 

Sandia  Laboratories 
Albuquerque,  -NM 

Sandia  Laboratories 
Livermore,  CA 

Santa  Barbara  Research  Center 
Go  1 eta,  CA 

Schott  Optical  Glass,  Inc. 
Duryea,  PA 

Science  Spectrum 
Santr  Barbara,  CA 

SCI -METRICS 
Tullahoma,  TN 

Semi  Elements,  Incorporated 
Saxonburg,  PA 

Servo  Corporation  of  America 
Hi cksvi lie,  NY 

Space  Optics  Labs 
Chelmsford,  MA 

Spawr  Optical  Research 
Corona,  CA 

Spectra-Mat,  Inc. 

Watsonville,  CA 

Spectra  Optics 
La  Crescenta,  CA 
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Spectra  Physics,  Inc. 

Mountain  View,  CA 

Technological  Research,  Inc. 

Ann  Arbor,  MI 

Texas  Instruments 
Dallas,  TX 

Thermal  American  Fuzed  Quartz,  Co. 
Montvllle,  NJ 

Three  B Optical,  Co.,  Inc. 
Glbsonla,  Pa 

T ropel 

Falrport,  NY 

TRW  Systems 
Redondo  Beach,  CA 

I I -IV  Incorporated 
Glenshaw,  PA 

United  Aircraft  Research  Labs 
East  Hartford,  CT 

University  of  California 
Santa  Barbara,  CA 

University  of  Chicago 
Chicago,  IL 

University  of  Cincinnati 
Cincinnati,  OH 

University  of  Maryland 
College  Park,  MD 

University  of  Minnesota 
Minneapolis,  MN 

University  of  Southern  California 
Los  Angeles,  CA 


U.  S.  Scientific  Instruments 
Watertown,  MA 

Valpey  Corporation 
Holliston,  MA 

Westinghouse  Electric 
Baltimore,  MD 

Whittaker  Corporation 
Waltham,  MA 

Xenon  Corporation 
Medford,  MA 

Xerox  Corporation 
Palo  Alto,  CA 

Xerox  Electro  Optical  Systems 
Pasadena,  CA 

Zenith  Radio  Corporation 
Melrose  Park,  IL 

Zenith  Research  Laboratory 
Menlo  Park,  CA 


7 6 


UNITED  STATES 
GOVERNMENT 


U.  S.  AIR  FORCE 

Air  Force  Weapons  Lab 
Klrtland  AFB,  NM 

Armament  Develop.nent  & Test  Center 
Eglin  AFB,  FL 

Headquarters  AFSC 
Andrews  AFB,  DC 

Robins  Air  Logistics  Center 
Robins  AFB,  GA 

Headquarters  AFLC 
Wright-Patterson  AFB,  OH 

Ogden  Air  Logistics  Center 
Hill  AFB,  UT 

Air  Force  Avionics  Lab 
Wright-Patterson  AFB,  OH 

Rome  Air  Development  Center 
Griffiss  AFB,  NY 

Aeronautical  Systems  Division 
Wright-Patterson  AFB,  OH 


U.  S.  ARMY 

Aberdeen  Proving  Ground 
Aberdeen,  MD 

Watervliet  Arsenal 
Watervliet,  NY 

Frankford  Arsenal 
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RAX  is  tins  principal  AFJC  organization  charged  with 
planning  and  executing  the  USAF  exploratory  and  advanced 
development  programs  for  information  sciences,  intelli- 
gence, command,  control  and  oonmnications  technology, 
products  and  services  oriented  to  the  needs  of  the  USAF. 
Primary  RAX  mission  areas  are  cotrmmica tions , electro- 
magnetic guidance  and  control,  surveillance  of  ground 
and  aerospace  objects,  intelligence  data  collection  and 
handling,  information  system  technology,  and  electronic 
reliability,  maintainability  and  compatibility . RAX 
has  mission  responsibility  as  assigned  by  AFX  for  de- 
monstration and  acquisition  of  selected  subsystems  and 
systems  in  tbs  intelligence,  mapping,  charting,  cosmand, 
control  and  ccmninlcatians  areas. 


